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SEWAGE 


The CHICAGO Comminutor is always 
placed in an exclusively designed feeder 
channel. The hydraulic characteristics are 
such that accumulating solids cannot clog 
the drum slots; nor can rope-like material 
jam the drum. Comminution is rapid and 
positive Sub-surface screening is continu- 
ous and automatic 


WORKS JOURNAL 


Cross section of a CHICAGO Comminutor 
channel illustrates a typical design of con- 
trolled discharge channel. Sheared small 
particles must pass through a maximum 
drum slot width of %e in. Comminuted mat- 
ter completely settles out in the primary 


tanks 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


2300 WOLFRAM STREET 
Flush Kleen, Scru-Peller. Plunger 
Horizontal and Vertical Non-Clogs 
Water Seal Pumping Units. Samplers 


CHICAGO 18, ILLINOIS 


Swing Diftusers Stationary Diffusers. 
Mechanical Aerators, Combination 
Aerator Clarifiers, Comminutors. 


In the CHICAGO Comminutor the 
cutters and shear bars cut and chop: 
the channel feeds and holds. 


The combination of channel and ro- 
tating drum makes the CHICAGO 
Comminutor the only effective meth- 
od for cutting and screening sewage 
solids in the stream. 


Engineering details of exclusive CHI- 
CAGO Channel Designs for any sew- 
age flow are available to engineers 
on request. 


Over 2000 successful installations 
prove “You Need Both Halves Of 
The Scissor * 
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World’s Largest 
Sewage Treatment 
Plant Uses 
Venturi Meters 


More than double its original size, the Southwest Plant of the 
Sanitary District of Chicago now treats almost a billion gallons of 
sewage each day. In the recently completed addition, Builders 
Venturi Meters ranging from huge 8’ diameter units down to 
4° diameter meters measure the sewage, sludge, and air flows. 
These reliable meters are the backbone of a well-integrated con- 
trolling and metering system that’s vital to the efficient operation 
of this... the world’s largest sewage treatment plant. 


BUILDERS VENTURI METERS AND SECONDARY CHRONOFLO METER 
INSTRUMENTS are used in this new addition just as they are in the 
original plant. They measure the enormous flows of incoming 
BUILDERS Venturi Meters for "4 Sewage, return and waste sludge, mixed liquor, and air. Here, 
the addition to the Southwest as in large and small sewage treatment plants the world over, 
Plant at Chicago: Build lected its d dabili 
a uilders equipment is select or its dependability, accuracy, 
78’ Return Sludge Meter and long-lasting service. For engineering data, bulletins, and 
66" Mixed Liquor Meters recommendations, address Builders-Providence, Inc. (Division of 
20°’ Waste Sludge Meter 
Air Meters (72 to 4”) Builders Iron Foundry), Providence 1, R. I. 


BUILDERS PRODUCTS 


Venturi, Propeloflo and Orifice Meters * Kennison Nozzles * Venturi Filter 

Controllers and Gauges * Conveyoflo Meters * Type M and Flo-Watch Instruments 

Wheeler Filter Bottoms * Master Controllers * Chlorinizer-Chlorine Gas Feeders 
Filter Operating Tables * Manometers * Chronoflo Telemeters 


BUILDERS PROVIDENCE 
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MEASURE FLOWS WITH 


GREAT 


ACCURACY! 


tg 


VENTURI TUBE 


The correct design and careful workman- 
ship of Simplex Venturi Tubes insure stable 
coefficients over wide velocity ranges, 
enabling the accompanying meter to meas- 
ure flow with extreme accuracy. The high 
efficiency in the utilization of the differen- 
tial pressure head is the result of more 
than 40 years of manufacture and research 
by this company. 

Simplex Type MO Meters, when used 
in conjunction with Simplex Venturi Tubes 
as primary devices, guarantee the utmost 
accuracy in flow measurement over long 
ranges. They can be furnished to measure 
accurately over ranges of 20 to 1, 25 tol, 
28.5 to 1 or 32.5 to 1. 

Where flow ranges are long, a single 
meter often will be sufficient where two or 
more ordinary instruments would other- 
wise be required. 


MO METER 


For full information and bulletins, write to the Simplex Valve & 
Meter Company, Dept. 5,6719 Upland Street, Philadelphia 42, Pa, 


SIMPLEX 


AND METER COMPANY 
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“COLLECTOR™ ATCH BASIN > 


GRIT CHAMBER SLUDGE f 
Operati. 
perating 
ACIOULATION 
TANKS 


Ffficiency...... 


| 


Recovery of 1100 pounds of valuable 
Flow diagram of industrial waste treatment plant at Delany & Co. . . 
glue works. Link-Belt equipment collects sludge, recovers grease, grease every day is achieved through 


assures excellent performance. the installation of Link-Belt sludge col- 
lectors and Link-Belt Rotoline grease 
skimmers in an existing waste treat- 
ment catch basin at the glue manu- 
facturing plant of Delany & Co., Inc., 
Philadelphia, Pa. The operating effi- 
ciency of the catch basin also was in- 
creased, although the rate of flow of 
industrial waste averages 47,500 gal- 
Looking toward effluent end of catch basin. The cross pieces seen 
on liquid surface are the redwood conveyor flights of two parallel lons per hour. 
Link-Belt sludge collectors. These flights are slowly moving the 
floating grease to effluent end of tank, where operator will skim Link-Belt equipment — including 
it off by hand-lever operation of a Link-Belt Rotoline grease ue 
screens, sludge collectors, mixing, 
aerating, conveying and driving ma- 
chinery—has long been “‘first choice” 
of consulting engineers, public offi- 
cials and industries where solids and 
grease are removed or reclaimed 
from waste water. This durable, de- 
pendable equipment is designed and 


manufactured in our own plants. 
General view of waste treatment plant as seen from influent end of 
catch basin. Grit chamber appears at left. 


LINK-BELT COMPANY 
Philedeiphia 40, Chicago 9, Indianapolis 6, Atlante, Deilos 
Minneapolis 5, Son Francisco 24, Los Angeles 33, Seattle 4, 

Torento 8 Offices in Principal Cities 


‘ 
INF 
| 
5 
PLANT 
| 
| 
| : 
| 
: 
: 
i 
SCREENS - COLLECTORS: MIXERS - AERATORS 


SEWAGE WORKS JOURNAL 


BOOTHS 


#61 
# 62 


operation “CHICAGO” 


WESTWARD AGAIN for R. D. Wood people and the 
Mathews Modernized Hydrant; but this time it is 
Chicago. 

As at past A.W.W.A. conferences, we will have 
a full-scale working model of the hydrant on dis- 
play. Many of the delegates are probably familiar 
with this product; and so far as they are con- 
cerned much of our time no doubt will be given 
over to meeting old friends and discussing matters 
of common interest. We look forward to it with 
great pleasure. 

As for those of you who have never seen the 
Mathews, we hope to meet every one of you, too. 
Stop by and let us show you why it is so often said 
that cities protected by Mathews Modernized 
Hydrants are the safest. 


MATHEWS HYDRANTS 


Made by R. D. WOOD COMPANY 
Public Ledger Bidg., Independence Square, Philadelphia 5, Pa. 


Manufacturers of “Sand-Spun"’ Pipe (centrifugally cast in sand molds) 
and R. D. Wood Gate Valves 
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CAST IRON 
PIPE IN 
STEEL PIPE 
SIZES 


@ Can Be Cut, Threaded, Fabri- 
cated With Ordinary Tools Of 
The Piping Trades 


Centrifugally cast, Clow I.P.S. 
Cast Iron Pipe is the answer 

to many of the problems that 
confront sewage treatment plant 
engineers. This specialized 

pipe is suitable for small lines 

to aerator plates in activated 
sludge systems as well as lines for 
coils in digestion tanks .. . also 
in great demand for 
miscellaneous pipe lines where 

it is convenient to have the cast 
iron pipe cut and threaded 

on the job. Meets requirements of 
Fed. Spec. WW-P-356 for 
downspouts and vent lines, but 
is also suitable for water working 
pressures up to 125 pounds. 


Available in sizes 3 and 10-inch, 
16 ft. long (random) and 
4-6-8-inch, 18 ft. long (random) 
in plain or threaded ends. 


The Clow catalog PIPE 
ECONOMY fully illustrates our 
line of cast iron pipe, fittings, 
and valves for use in sewage 
treatment plant construction. 


JAMES B. CLOW & SONS 


201-299 North Talman Avenue « Chicago 80, Illinois 


, and their National Cast Iron Pipe Division, Birming- 
CAST IRON ham, Ala.; subsidiaries Eddy Valve Co., Water- 


ford, N. Y.; lowa Valve Co., Oskaloosa, lowa. 
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The a answer is found in perating 
los of sewage plants Using 
Nichols Multiple Hearth Drier. 
Incinerators. 


For instance: the Minneapolis-St, Paul Sanitary District 
reports runs of 24 hours q day—7 days a week of which 
the following are illustrative: 

May 24, 1946 to March 26, 1947—306 DAYS 


April 25, 1947 to March 18, 1948—348 DAYS 


NICHOLS ENGINEERING & RESEARCH convonarion 
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Polish with a Purpose 


oprers Bitumastic* 70-B ENAMEL gives this pipe a glass-smooth, 

high-gloss interior surface that permits high flow capacity the day it 
is put into the ground. More important, it assures a flow capacity equally 
as high after 10, 20, or more years’ service. 

Flow capacity remains high because Koppers Bitumastic Enamel forms 
a barrier against corrosion, rust and tuberculation inside the pipe. The ex- 
terior coating of Koppers Bitumastic prevents corrosion from soil and other 
external conditions. 

Koppers Bitumastic Enamels keep water from reaching _— metal 
surfaces... protect against the corrosive action of chemicals... have high 
electrical resistance .. . do not deteriorate with age. 

When you specify Koppers Bitumastic 70-B Enamel for your lines, you 
know you will get long-term, maintenance-free service. Bitumastic Enamels 
are manufactured from start to finish in Koppers plants ... Koppers Con- 
tract Department furnishes special equipment, competent supervision and 
skilled workmen for the application job. Submit your problems for recom- 
mendations and quotations. 


BITUMASTIC 


KOPPERS COMPANY, INC., Dept. 519T, Pittsburgh 19, Pa. 
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Theres Nothing 
Like Cushioned 


Cross-section of the Chapman Tilting Disc 
Check Valve illustrating the way that the 
balanced disc is supported on the pivot, 
with arrows showing the travel of the disc. 
A feature of the design is that the disc seat 
lifts away from the body seat when open- 
ing, and drops into contact when closing, 
with no sliding or wearing of the seats. 


VALVES 


— Tilting Disc Check Valves work with 
6t against... the stream. As a result, destruc- 
tive pipe line stresses are practically eliminated. 
Head losses, as compared with conventional type 
check valves, are reduced 65% to 80%. 

This balanced disc rides smoothly on the flow. 
It lifts away easily when opening ... closes quick- 
ly and quietly. There is no rubbing on the seat 
...no slamming. Hinge pins, seats and bearings 
wear far longer. 

These are facts. Write today for engineering 
data and reports of tests. Valves available in 
either iron or steel. 


The Chapman Valve Mfg. Co. 


INDIAN ORCHARD, MASS. 
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Only Rex Tow-Bro Assures 
Positive Sludge Removal 
Control. 


Only the Rex Tow-Bro Sludge Remover gives 
you positive control of thotne removal from 
round or rectangular settling tanks over a 
wide range of withdrawal rates. Because 
Tow-Bro removes sludge from the tank bot- 
tom by a gentle suction instead of the con- 
ventional plowing or pee Or action, it pro- 
vides ideal handling of light flocculent solids. 
Just check these advantages that only Tow- 
Bro gives you: 


*Clearer Effluent because the gentle suction 

removes sludge with a minimum of dis- 
turbance, assuring a better settling condi- 
tion and a clearer effluent. 


*Low Cost, both construction and operating, 
because tank bottom is pitched only enough 


to insure drainage, thus cutting construc- 
tion costs. No sludge a er or center pier 
required. Greater soli concentration 
means less volume... piping . 

less pumping time. In one revolution, all 


JOURN 


the sludge may be removed from the entire 
tank bottom. Sludge volume is smaller, 
leaving more capacity through settling 
tanks. 


*Prevents Septicity since sludge is in the set- 
tling tanks a shorter time. 


*Greater Operating Flexibility since sludge 
may be drawn off at a faster rate... evena 
light blanket... without dilution. 


Investigate the Rex Tow-Bro for your plant. 
It is easily adapted to new or existing tanks. 
For complete details on Tow-Bro and the 
other Rex Sanitation and Process Equip- 
— send for your copy of Bulletin No. 48- 

. Chain Belt Company, 1606 West Bruce 
sti Milwaukee 4, Wis. 


Arrow’s indicate direction of sludge removal from tank bottom with Rex Tow-Bro. 


SANITATION 


EQUIPMENT 


ND or R ‘aN 
4 
Company® 


TESTED VALVE 


UBRICANTS, COMPOUNDED FOR SPECIFIC SERVICES 


. INSURES PERMANENT, LEAK-PROOF SEATING AT ANY PRESSURE 


UNEXPOSED TO ABRASIVE OR CORROSIVE MATERIALS IN LINE 


SIMPLE QUARTER-TURN OPENS OR CLOSES VALVES | 


SMOOTH -WALLED 


FLOW. 


ASSAGES 


Use only genuine Nordcoseal lubricants 


NORDSTROM VALVE DIV.—Rockwell Manufacturing Co, 
400 N. Lexington Ave., Pittsburgh 8, Pennsylvania 


Atlanta, Boston, Chicago, Pittsburgh, San Francisco, R\ C A 
Houston, Kansas City, Seattle, Tulsao...and Lv 
Los Angeles, New York, leading Supply Movuses 


Corp 
York 
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these structures 


When you have a tough sewer problem the happy solution is to use 
Armco Corrugated Metal Structures. There is a wide range of 
types and sizes to meet almost every need. 

You can order Armco Structures in sizes ranging from 6-inch round 
pipe to 24-foot Mutti-PLate Arch. For normal service conditions, 
Armco Galvanized Pipe combines durability with economy. Where 
corrosion or erosion spell trouble, Armco Asspestos-BONDED or 
Paveo-INvert Pipe is the answer. For large installations there are 
Armco Mutti-PLate Structures. And either a standard Pire-ArcH 
or a Mutti-PLate Pire-Arcu will provide extra waterway area 
under limited headroom. 

All Armco Structures have a high strength-to-weight ratio. This 
means easier hauling and handling—lower labor costs. 

An Armco Engineer will be glad to help you with that next 
sewer problem. Write for complete information. Armco Drainage 
& Metal Products, Inc., 2055 Curtis Street, Middletown, Ohio. 
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With the 
ACCELO® FILTER System 
of Direct Recirculation 
forSewage Plant Operation 


IRECT RECIRCULA- 

TION from effluent to 
influent of the trickling filter 
is one of the outstanding ad- 
vantages of the ACCELO 
FILTER System. Aerobic or- 
ganisms are kept in a more 
favorable environment 
thereby greatl 
biological oxidation. The 
ACCELO FILTER System 
may be used to give increased 
capacity to overloaded con- 
ventional trickling filters as 
it makes higher dosing rates 
possible. Other advantages 
include: 1. Increased bio- 
logical filter efficiency, 2. No 
increase in size of sedimen- 
tation tanks, 3. Smaller trick- 
ling filters, 4. No clogging, 
sloughing or ponding, 5. No 
odors, 6. Renee ction of psy- 
choda fly nuisance. Direct 
Recirculation can be easily in- 
cluded in any complete treat- 
ment plant! 


SEND FOR complete information concerning 
the ACCELO FILTER SYSTEM. Ask 
for catalog Number 6200 containing flow diagrams, 
charts, installation diagrams, pictures, and interesting 
descriptions of its many superior advantages. 


BETTER WATER CONDITIONING 
AND WASTE TREATMENT SINCE 
1894 


WORLD'S LEADING MANUFACTURERS OF WATER CONDITIONING AND WASTE TREATING EQUIPMENT 
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“VAREC” Approved GAS CONTROL 
and SAFETY DEVICES are INSTALLED! 


No matter what size plant, no 
matter how much variation in gas 
volume, there are VAREC Gas 
Control and Safety Devices that 
will permit the safe utilization of 
sewage gas and the automatic burn- 
ing of waste gas in your sewage 
treatment plant. This sturdy, fool 
proof equipment is now specified in 
all sizes and types of sewage treat- 
ment plants. 


VAREC Flame Traps, Flame 
Arresters and Flame Checks are 
all designed to pass normal gas 
flow, yet are positive in their flame 
stopping action. VAREC Super- 
sensitive Regulators can be de- 
pended upon for maintaining proper 
pressures to gas utilization equip- 
ment. VAREC Waste Gas Burners 
are the simple solution to waste gas 
problems. Write for the latest 
catalog. 


THE VAPOR RECOVERY SYSTEMS COMPANY 


MPTON, CALIFORNIA, U.S 


” 
" NEW YORK CAEVELAND CHICAGO ” TULSA HOUSTON 
30 Church Street + 1501 Euclid Ave +122 So. Michigan Ave » 533 Mayo Building. 821A M.& M. Bidg 
Available from Authorized Sewage Equipment Agents throughout U S$ and Canoda 


Cable VAREC COMPTON [oll codes) 
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WASHERS 


left — Jeffrey “JIGRIT’ No. | —a 
basket type jig for classifying and 
removing putrescible solids from sew- 
age grit in plants of moderate size 
Capacity — 20 cubic feet per hour. 
90% recovery of inorganic grit. Pro- 
duces a washed grit thot can be used 
for fill or dumped anywhere without 
nuisance. Also No. 4 ‘JIGRIT’ washer 
for washing grit at rate of 120 cubic 
feet per hour, and No. 9 for 280 
cubic feet per hour . . in single units 


fully automatic in operation. 


Bar Screens * Sludge Collectors * Sludge Elevators * Grit Collectors * ‘Screenings Grinders 
Garbage Grinders ° Conveyors, Chains and Bearings also equipment for biofiltration plants 
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Large or small... you can solve your sewer problems 


with CONCRETE PIPE 


HETHER your immediate sewer 
need is a large diameter storm sewer 
or a smaller sanitary sewer for domestic 
wastes concrete pipe is the ideal answer. 
Here are the reasons why; 
@ Its uniformly dense structure and joints 
that can be made watertight assure mini- 
mum infiltration and leakage. 


@ Its smooth interior finish resists the 
wearing action of abrasive matter and 
provides maximum hydraulic capacity. 


@ Its great strength resists severe impact 
and sustains heavy overburdens. 


@ Its unusual durability enables it to give 
many long years of heavy-duty service. 
Many concrete sewers have given a cen- 
tury of unexcelled service. 

Concrete pipe is economical, too, because 
its first cost is moderate, its life is long and 
its maintenance low. These three factors 
result in low-annual-cost sewer service— 
the true measure of pipe line economy. 


PORTLAND CEMENT ASSOCIATION 


33 W. Grand Avenue 
Chicago 10, Illinois 


A national organization to improve and extend the uses of portland cement 
and concrete...through scientific research and engineering field work 
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HIGH 
LOADING 


ECONOMY 


OPERATING | 
recommend 


-YEOMANS “‘Aero-Filter” 


We A HIGH-CAPACITY BIOLOGICAL TRICKLING FILTER IDEAL FOR 
TREATING STRONG INDUSTRIAL WASTES we CAN BE FITTED TO ANY 
REQUIREMENTS—FROM SMALL UNITS TO LARGE TREATMENT WORKS 


In more than 100 installations the Yeomans “Aero-Filter" is establishing remarkable 
records for unusually high purifying efficiency at exceptionally low cost. 


Single stage operation of “Aero-Filters” produces a clear effivent, and reductions 
of raw sewage BOD ranging from 80 to 85 percent are common; while two-stage 
operation is regularly achieving BOD reductions of 90 to 94 percent. 


Construction cost is dingly low b the “Aero-Filter” bed is only about 
one-eighth the size required for a standard rate filter of equal capacity; and because 
an oversize primary tank is not required, since all returns are made direct to the 
filter. Also, rain-drop distribution eliminates all need for costly recirculation for dilution 
purposes. Operating cost is the lowest among all types of complete sewage treatment. 


The “Aero-Filter" can be fitted to any requirements. Accurate cost estimates and 
complete engineering data are readily obtainable. Write for Bulletin 6570. 


YEOMANS BROTHERS COMPANY - 1425 N. Dayton Street - Chicago 22, Illinois 
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Cylindrical Plug 
gives full volume 


Cylindrical Plug Valves cut 
time of flow control in 
Gaten measuring. And on high volume flow, 
ihe exclusive straight-through, full pipe 
Opening saves power. Any valve less 
Sificient:is more costly in the long run. 


© 


¢ 


Representatives in more 2 Catalog 3-SWJ tells how GO Cf Plug Valves eliminate clogging in sludge lines. Write to 
than 50 principal cities = American Car and F ry Company, Valve Division, 30 Church Street, New York 8, N.Y. 
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No matter how you look at it... 


THE BROWN 


Zlechionik pli Recorder-Controller 
—y suits your purpose! ¢—— 


If you're interested in sewage treatment. the addition of chemicals is strictly in 
connection with doing a job... positive action to attain proper pH of the effluent. 


If you're interested in the treatment of industrial wastes, the addition of chemi- 
cals is strictly in connection with undoing a job... negative action to neutralize 
harmful chemicals already present. 


In both cases, too little chemicals means insuflicient treatment and too much 
means costly waste. 


Brown ElectroniK pH Recorder-Controllers automatically add chemicals in 
proper amounts and provide a permanent record of pH value. 


No matter how you look at it... the Brown ElectroniK pH Recorder-Controller 
suits your purpose! And, it saves you money! 


Write. today. for your copy of Catalog 15-12. 
MINNEAPOLIS-HONEYWELL REGULATOR CO. 


BROWN INSTRUMENTS DIVISION 
4518 Wayne Ave., Philadelphia 44, Pa. 


Offices in principal cities of the United States, Canado and throughout the world 
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REMOVE GRIT 


EASILY...THOROUGHLY...AT LOW COST! 


Complete Equipment 
to do the complete job! 


FLOW CONTROLS * CONVEYOR 
HYDROWASH UNIT ELEVATOR 


EFFLUENT 


Elevation view of AMERICAN Grit Equipment, showing 
Camp Flow Controls (channel and regulator), drag Con- 
veyor, Hydrowash Unit, and tube-type Elevator. Cross- 
sectional views at A-A, B-B, and C-C are shown below. 


PROVIDES CONSTANT 
OPTIMUM VELOCITY 


POSITIVE ADJUSTMENT 
FOR VARYING FLOWS 


HYDRO-DYNAMIC 
WASHING 


AUTOMATIC DRAINING ; SECTION 8-8 SECTION 
AND REMOVAL a - 


FLOW CONTROLS—exclusive HYDROWASH UNIT—washes 


Camp Control Section and Regu- 
lator maintain constant optimum 
velocity for effective grit settling, 
regardless of rate of flow through 
plant. Velocity can be easily and 
instantly adjusted to meet chang- 
ing conditions. 


CONVEYOR-—single strand, con- 
tinuous drag type carries grit from 
channel to hopper for washing and 
removal. 


Our staff of Sanitary En- 


grit free of organic matter by pro- 
ducing a turbulent downflow re- 
circulation of liquor in grit hop- 
per. 

ELEVATOR—totally enclosed, tube 
type, for slow and continuous re- 
moval of washed grit from the 
hopper. Grit drains as it is being 
elevated through the tube. 


Write for Bulletin No. 249A\ 


gineers will cooperate with 
consulting and operating ay 


engineers in suggesting 


the process of treatment IN OUR 80TH YEARS Sewage Treatment, and 
and type of equipment 110 North Broadway oT. Water Purification Equipment 


best suited to individual AURORA, ILLINOIS 


needs. Offices Chicago + New York + Clevelond + Cincinnati + Kansas City + Sales Representatives throughout the World 


RESEARCH - ENGINEERING - MANUFACTURING 


GRIT ELEVATOR 
WYOROWASH 
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For Treatment of 
Industrial Wastes 


Throughout the process industries, scores 
of concerns have found General Chemical 
Aluminum Sulfate an effective, economi- 
cal means of solving their industrial 
waste treatment problems. 

Laundries, paper mills, dairies, textile 
mills, canning plants, oil wells and pack- 
ing houses across the nation report 
General Chemical “Alum” useful in puri- 
fying wastes; coagulating and settling 
suspended matter; reducing coloring 
matter, including many dyes. 


BENC CHEMICALS 


Offices: Albany 


Kansas City 
Pittsburgh 


ILORTAMERICAN USTEN, 


+ Chicago + Cleveland « Denver « Detroit 


Fifty years of working with the water 
industry on chemical methods of clarify- 
ing water has given General Chemical ex- 
tensive experience in the treatment of 
sewage and waste waters. This broad 
knowledge may be of value to you as it 
has to so many others. 

Assistance of the company’s technical 
service specialists is available without 
obligation. For help on your industrial 
waste treatment problems, write or 
phone our nearest office today. 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 

40 Rector Street, New York 6, N. Y. 

+ Atlanta + Baltimore - 
Buffalo Charlotte 
Los Angeles 
Portland (Ore.) + Providence 
St. Louis 
In Wisconsin: 


Birmingham + Boston Bridgeport 

+ Houston 
Minneapolis + New York + Philadelphia 
San Francisco + Seattle 
«+ Wenatchee and Yakima (Wash.) 


Jeneral Chemical Company Inc., Milwaukee, Wis 
In Canada: The Nichols Chemical Company, Limited 
Montreal * Toronto * Vancouver 
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One of the chief requirements 


of a sanitary sewer is that it 


shall be permanently tight to 


prevent leakage and infiltra- 
tion. Castiron pipe provides 
a permanently tight sewer 
because it is impermeable; 
because the joints are tight 
and stay tight; and because 
it effectively resists corrosion. 
The known ability of castiron 
pipe to withstand external 


pressure is due to ample mar- 


gins of safety beam-strength, 
compressive-strength and 
This 


structural strength, plus ef- 


impact-resistance. 


fective resistance to corro- 
sion, keeps maintenance cost 
down. For informative book- 
let, **Cast Iron Pipe in Sewer- 


age Systems” write to Cast 


Iron Pipe Research Assn., 
Thomas F. Wolfe, Engineer, 
Peoples Gas Building, Chi- 


eago 3. 


CAST 


SERVES 


LOOK FOR THIS MARK 


FOR CE 


IT IDENTIFIES CAST IRON;PIPE 
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Sewage Works 


THE EFFECT OF CHLORINATED HYDROCARBONS 
ON HYDROGEN SULFIDE PRODUCTION ' 


By Rour Austin N. 


HELLER? AND Geruarp Kiscn 


Professor of Sanitary Engineering, Research Associate, and Research Assistant, respectively, 


College of Engineering, New York University, New York 


The fundamental prineiples involved 
in the various biochemical methods of 
producing hydrogen sulfide have been 
the subject of many scientific studies 
which have been summarized by Waks- 
man (1) and Starkey and Wight (2). 
Application of these fundamental prin- 
ciples to the problems of sanitary en- 
gineering has been undertaken by a 
number of researchers. Pomeroy and 
3) have prepared a bibliog- 
raphy of some of these applied studies 
which included mechanical ventilation 
of sewers, aeration, and the addition 
of chemicals to sewage. 


Bowlus 


In the course of these studies certain 
basic concepts have been developed. 
The most important of these is that 
both organie and inorganie sulfur com- 
pounds may serve as sources of energy 
for bacteria in the production of hy- 
sulfide through 


processes. 


drogen biochemical 

Both organic and inorganie sulfur- 
containing compounds are present in 
normal The organie sources 
of sulfur difficult to evaluate 
quantitatively since they oeceur in ex- 


sewage, 


are 


tremely complex substances such = as 
proteins and their derivatives, among 
them the many amino acids. The prin- 
cipal inorganie sulfur-containing com- 
pounds present in sewage are the min- 
eral sulfates. 


1 Presented at Twenty-first Annual 
ing, Federation of Sewage Works 
Detroit, Mich., October 19, 1948. 
aftiliation: The Barrett Division, 
Allied Chemical and Dye Corp., New York. 


Meet 


Assns., 


Present 


Biochemical reduction of sulfates is 
a major process by which hydrogen 
sulfide is produced. The microorgan- 
isms accomplishing this sulfate redue- 
tion have been shown to be a small 
group of bacteria know as Sporovibrio 
desulfuricans. Starkey has de- 
seribed these as small curved bacteria, 
frequently of spiral shape, with an 
average size of 1 in diameter by 4 p 
long. They have been found in many 
different environments, ineluding vari- 
ous soils, artesian wells, oil wells, dug 
wells, mineral waters, fresh and _ salt 
water muds and sediments, and sew- 
ages. Sulfate reduction has been de- 
scribed (2) as one of the most common 
and extensive microbiological processes 
on earth. 

Sulfates serve as the souree of oxy- 
ven for Sporovibrio desulfuricans in 
the respiratory processes, since free 
oxygen is not utilized by these obligate 
anaerobes. In the course of reducing 
sulfates to sulfides the nutritive sub- 
stances required for the existence and 
growth of these heterotrophic bacteria 
are obtained from the ingestion of 
organic matter as food and the oxida- 
tion of this organic matter in the bae- 
terial metabolic processes in which 
enzymes play an important part. 

Food is obtained from many types 
of organic compounds such as the pri- 
mary alcohols like ethyl alcohol, poly- 
hydroxy alcohols like glycerine, simple 
carbohydrates such as sugar, salts of 
some organic acids typified by sodium 
acetate, and amino acids. All of these 


(2) 
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are reflected in the B.O.D. value of 
sewage. 

In the reaction, sulfates are reduced 
and the carbon compounds are oxidized 
by the of dehydrogenation. 
This means simply that sulfur, with 
a valence of + 6 in the sulfate, is re- 
duced to a valence of — 2 in the sulfide, 
by taking on eight electrons. In any 
oxidation-reduction reaction, reduction 
is the addition of electrons to an atom 
while 
which always proceeds simultaneously, 
is the 


process 


or group of atoms oxidation, 


removal of eleetrons from an 
atom or group of atoms (4). 

Hvdrogen is the element which as- 
sists in the transfer of electrons from 
sulfur in the sulfates to the organic 
compounds on which the bacteria feed. 
Oxygen in the sulfates is also utilized 
by the bacteria in their respiration. 
At the same time, the loss of hydrogen 
by the organie compound serves to de- 
compose that compound into one or 
The organic com 
pound gives up some of its hydrogen 
by means of the catalytic action of en- 
zymes, 


more simpler ones, 


known as dehydrogenases. 
Hydrogen in turn is aecepted by the 
sulfur to form hydrogen sulfide. This 
is what is meant by dehydrogenation. 

This process may best be illustrated 
by a typical reaction in which the sul- 
fate-reducing bacteria consume sodium 
lactate (pH 5.5) in an acid medium 
and in the presence of sulfurie acid, 


The entire reaction takes place under 
Figure 1 
equation for the 


anaerobic conditions. pre- 


sents the reaction 
Which takes place with enzymes acting 
that a 
sodium 


as catalysts. It will be noted 


simpler organte compound, 


acetate, as well earbon 


dioxide, 
water, and hydrogen sulfide is produced 
in the biochemical reaction. 
The hydrogen 
visualized more readily if the reaction 
is further broken down by means of 
the exploded diagram in Figure 1. 
The role of each element may then be 


obsery edd 


transfer of can be 


In the reaction the two sodi 
um lactate molecules, containing three 
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carbon atoms each, are decomposed to 
two simpler molecules of sodium ace- 
tate, containing only two carbon atoms 
The parts of the lactate mole- 
cules whieh are removed are those con- 
tained in the (CHOH) radicals. 
sidering these separately, it will be 
noted how the sulfurie acid combines 
so that sulfur accepts hydrogen while 


each. 


Con- 


simpler compounds are formed with 
oxygen. 


(CHOH) + + (CHOH) 


FIGURE 1.—Breakdown of sodium lac- 
tate and reduction of sulfate to produce 
H.S. 


Environment 
part in the 
Starkey 
range for 


plays an important 
noted 
2) has proven that the pll 
effective sulfate reduetion 
by these organisms is from 5.5 to 8.5. 
This is within the range of most do- 
when blended 
with considerable proportions of indus- 
trial wastes. Temperature effects have 
been reported by 


reactions above. 


mestie sewaes, 


even 


Baumeartner (5 
sulfide 
production taking place as low as 4 
('. and inereasing to values as high as 
which 


and Pomeroy (3), with some 


was the maximum tem- 
perature at which experiments were 
performed, 

One of the most important charac 
teristics of the environment for growth 
of S. desulfuricans is the oxidation-re- 
duetion potential (EF, Starkey (2 
has shown that the effective range of 
EB, was from — 200 to — 300 millivolts, 
indicating a strongly anaerobie en- 
vironment. Dissolved oxygen, nitrites 
and nitrates could not be present at 


2 

2 CHy CHOW COONG + 

> S) + ——-2CO, 
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this low value of the oxidation-redue- 
tion potential. 

In sludge digesters and anaerobic 
soils this range of E£, would prevail 
throughout the medium. However, in 
sewers where liquids are flowing at a 
depth less than the diameter of the 
sewer, some oxygen might be present 
in the sewage by solution from the 
sewer atmosphere above the liquid. 
This would mean a positive E, in the 
liquid near the surface and in the 
turbulent portion of the flow. How- 
ever, at the walls and bottom of the 
sewer a negative #, might readily pre- 
vail, thus providing a favorable en- 
vironment for the growth of S. de- 
sulfuricans. Pomeroy (3) and Heuke!e- 
kian (6) that the sli 
other growths on tl walls of 
sewers, as well as the sludge ce 


have shown 
and 
‘Sits 
along sewer bottoms, provide the prin- 
cipal source of these organisms, as well 
as the most favorable environment for 
their growths. 

Relative numbers of S. desulfuricans 
in sewage and sewers have been studied 
by Heukelekian (6). The average of 
five New Jersey sewages was 258 sul- 
fate-splitting bacteria per ml. Con- 
trasted with this low average were the 
higher numbers found in the growths 
on sewer walls and in sewage sludges. 
Analyses showed these to be 6000 and 
25,000 per ml., respectively. Heukele- 
kian also showed that hydrogen sulfide 
production is directly proportional to 
the numbers of sulfate-reducing bae- 
teria present in the culture medium. 
These data, together with the greater 
probability of negative oxidation-re- 
duction potentials at the walls and 
bottoms of sewers, add weight to the 
contention that sulfate reduction oe- 
curs) principally at the and 
sludge deposits in the submerged por- 
tions of the sewer circumference. 

These are the fundamental concepts 
of the production of hydrogen sulfide 
by Sporovibrio desulfuricans in’ the 
process of feeding on organic matter 
and reducing sulfates. 


slimes 
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Hydrogen sulfide may also be pro- 
duced by other means beside the re- 
duction of sulfates. The decomposition 
of many sulfur-containing organie eom- 
pounds, such as proteins and amino 
acids, by microorganisms may lead to 
the production of hydrogen sulfide as 
a direct end-product without relying 
on sulfates as the source of sulfur. 
Starkey (3) has stated, ‘‘Many differ- 
ent heterotropic bacteria are concerned 
in these reactions. Large amounts of 
sulfide are thus produced in sewage 
and in other wastes containing read- 
ily decomposable organic materials.’’ 
These reactions have been studied by 
Waksman (1), who concluded that the 
proteins and other organic sulfur com- 
pounds are hydrolyzed by microorgan- 
isms into simpler compounds and amino 
acids containing sulfur. Hydrolysis 
breaks the compounds down further 
until hydrogen sulfide is produced. 
Among the organisms which cause 
these sulfide-producing reactions are 
the coliform bacteria, Staphylococcus 
aureus, Bacterium Putreficus, and 
sporogenes. The coliform group, preva- 
lent in sewage, has been found to pro- 
duce sulfide from a number of organic 
substances. 

From this discussion of the funda- 
mental principles of sulfide production 
by microorganisms it is evident that 
organic as well as inorganic sources of 
sulfur must be considered in devising 
measures for the control of these micro- 
organisms. The object of the research 
this paper has been to 
investigate chemical methods for the 
control of sulfide production from or- 
gani¢e and inorgani¢ sources of sulfur to 
determine the relative significance of 
each sulfur source in the production 
of sulfides in sewage. 


disclosed in 


Control Experiences 
Procedures for the control of hydro- 
gen sulfide in sewers have been sum- 
marized by Pomeroy and Bowlus (3). 
Among these are proper design features 
such as the elimination of extensive 
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force mains devoid of oxygen, the con- 
trol of velocities in sewers and junction 
chambers, and the eontrol of sewage 
strength, pHi temperature, par- 
ticularly when dealing with industrial 
wastes. The cleaning of sewers by me- 


and 


chanieal, chemical or hydraulic means 
to remove slimes and sludge deposits 
has been discussed by many authors. 

Among the chemical means of con- 
trolling inorganic 
chemicals have been used successfully. 
Ilood (7) used copper sulfate in Ridge- 
New 


caused 


sulfides, several 


wood, 


which 


Jersey, to destroy roots 
and 
sludge deposits, thus leading to sulfide 
production in relatively short lengths 
of sewers in a northern elimate. Con- 
trol of slimes would only be of short 
duration 
shortly 


sewer stoppages 


because they would return 
after chemical dosage has 
ceased, 

sulfate has been used to 
react with hydrogen and other dis- 
solved sulfides to form a precipitate of 
ferrous sulfide and thus remove all but 
1 p.p.m. (3) from solution. This does 
not control further sulfide formation 
below the point of treatment, but will 
reduce nuisanees and corrosion of con- 


Ferrous 


crete sewers. 

Of the organie substances added to 
sewage perhaps the most widely used 
is chlorine. Its activity is not limited 
to any one phase of sulfide control. 
Heukelekian (6) has shown that dos- 
ages below the chlorine demand will 
kill Sporovibrio desulfuricans and thus 
minimize the reduction of sulfates. By 
direct chemical reaction sulfides will 
be oxidized to elemental sulfur, redue- 
ing the sulfide content of 
sewage to less than 1 p.p.m. Pomeroy 
that the effi- 
ciency obtained in oxidizing sulfides 
when chlorine added to Los 
Angeles County was 40° per 
cent, with a range of 25 to 75 per cent. 


dissolved 
has stated (3 


average 


was 
sewers 


Since chlorine is such a powerful 
oxidizing agent, it not only kills bae- 


and 
raises the 


teria in the and slimes, 


sulfides, but 


sewage 


oxidizes also 
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oxidation-reduction potential of the 
that many other side re- 
actions take place, thus using up the 
chlorine very rapidly. It has been the 
practice of cities to chlorinate at sev- 


sewage So 


eral points on their sewer systems so 
that sulfide control may be maintained 
at successive points downstream. As 
branch sewers join the trunk sewers, 
new sources of organisms and sulfides 
are obtained; chlorination must be re- 
peated at each point where these new 
sulfides become objectionable. Eeon- 
omy plays the leading role in judging 
the eftieaey of chlorine. 


Chlorinated Hydrocarbons 
Since chlorine is so effective in con- 


trolling but 
that it is used up too quickly and by 


sulfides, is so. powerful 
too many side reactions, humerous ex- 
have sought chlorinous 
compounds which would release chlo- 
rine slowly or otherwise exhibit some 
of the toxie properties of chlorine, but 
to a different degree. The ideal chemi- 
eal for the inhibition of sulfide produc- 
tion in sewage is one which would be 
specific for the destruction of some 
phase of the respiratory processes of 
the microorganisms responsible for the 
production of sulfides. The toxic ef- 
fect could be brought about by the 
destruction of enzymes, the most vital 
factor in bacterial respiration, or by 
some detrimental effect on the cellular 
Such a 
chemical should be effective in small 
coneentrations and also be relatively 
inert to other substances in an en- 
vironment such as sewage so that its 


periment ers 


protoplasm of the organisms. 


effectiveness would persist for consider- 
able periods of time. Experiences 
reported by Pomeroy and Bowlus (3), 
Brown (10) and Beardsley (11) in 
California that some of the 
chlorinated hydrocarbons and other or- 


indicate 


ganie chlorine compounds may possess 
the desired properties. 

Remarkable discoveries have been re- 
vealed within the past decade of the 
insecticidal and disinfectant properties 


4 
4 


= 
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of a number of organic chlorine com- ci 
pounds. The symbols DDT and 2,4,D | 
have become household by-words as 
these chlorinous compounds have dem- cl 


onstrated their insecticidal and herbi- 
cidal properties, respectively. It is de- 
sirable that investigations be carried 
out on many of the organic chlorine 
compounds in order to exhaust the pos- 
sibilities of applying their unusual 
properties to the field of sanitary en- 
engineering. Huntress (8) has de- 
scribed the properties and formulas of 
1820) organie chlorine compounds, 
many of which have been developed in 
recent years. 

All of these organie chlorine com- 
pounds are characterized by having 
chlorine attached at a number of points 
in the structure of an organie com- 
pound. The relation of these chlorine 
atoms to the remainder of the organic 
compounds may most readily be per- 
ceived by studying their structural 
formulas. Three aliphatic (straight- 
chain) chlorinated hydrocarbons are 
shown in Figure 2. Three aromatic 
(ring) chlorine compounds mentioned 
in the text of this paper are shown in 
Figure 3. The substances shown in 
these two figures have up to three chlo- 
rine atoms attached to carbon atoms 
in each molecule. 

Greater numbers of chlorine atoms 
per molecule exist in the organic chlo- 
rine compounds shown in Figure 4. 
There may be some relationship § be- 
tween the number of chlorine atoms 
and the effectiveness of the compound. 
It has been reported (9) that for cer- 
tain insects, hexachlorocyclohexane 
(C,H,Cl,) and Chlordane (C,,H,Cl,) 
are more potent than DDT, with 
five chlorine atoms in the molecule 
(C.LH,CI;). Some of the higher chlo- 
rine compounds should be investigated 
before any research program on sulfide 
inhibition can be considered complete. 

sefore outlining a research program 
to investigate the effectiveness of chlo- 
rinated hydrocarbons in sulfide control 
it is necessary to consider the experience 


CHLOROFORM — CHCl; 


DiIcHLOROPROPANE ~ C,H, Cl, 


H ci ci CI 
H H HH H 
TRICHLORBOBUTANE — C,H, Cl, 


FIGURE 2.—Aliphatic chlorinated 
hydrocarbons. 
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FIGURE 3.—Aromatic organic chlorine 
compounds. 
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of others in this field. 
Bowlus (3) 
ences on a laboratory scale with phenol, 
Cloroben (an emulsion of chlorinated 
hydrocarbons, principally orthodiehlo- 
robenzene), chlorinated propanes, and 
sodium pentachlorophenate. In these 
laboratory chloropanes, 
pentachlorophenate and trichlorophenol 
showed the greatest promise. Field 
results on Cloroben, chlorinated 
tanes, and chlorinated phenols were re- 
ported on the basis of limited data. It 
was concluded that much more experi- 
mental and field results were necessary 


Pomeroy and 
reported on some experi- 


experiments, 


bu- 


before definite recommendations could 
be made. 


Sooiur 
PENTACHLOGOPHENATE 
Cig ONG 


Cg Ha Clg 
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CYCLOHEXANE 
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FIGURE 4.—Organic chlorine compounds 
high in chlorine. 
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Since the above report (3) was made, 
considerable work has been done with 
chlorinated hydrocarbons in Los An 
veles and Long Beach, California, and 
in Oklahoma City. Brown (10) experi 
mented in Los Angeles on a laborators 
scale and applied his results to sewer 
practice. By adding Cloroben to the 
upper end of large sewers, in quantity 
sufficient to be equivalent to 1 to 2 
p.p.m. at the outfall 
claimed to reduce sulfide concentrations 
by 91.6 per cent. 
to 17 p.p.m. of 


sewer, Brown 


Observations of 15 


had been noted 
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in the sewer atmosphere prior to the 
feeding of hvdro- 
carbons, whereas the average was 1.93 
p.p.m. after their addition. Labora- 
tory studies (10) indicated a bacteri- 
cidal effect 
bacteria, 


these chlorinated 


of Cloroben on coliform 
particularly contact 
times of 5 to 9 hours were available. 
Brown attributed the reduction of hy- 
drogen sulfide to the slow but steady 
bactericidal effect of this chemical. 
Beardsley (11) experimented with 
the surface treatment of the walls of 
with after a 
thorough cleaning. His tests indicated 
that per emulsion of 
Cloroben was applied to the cleaned 
sewers the growth of 
hibited for a vear. 


when 


sewer pipes chemicals 


when a 10 cent 


slimes in- 

In Long Beach, California, Kennedy 
12) found that a number of concrete 
sewers had deteriorated sulfide 
attack. In order to reduce sulfides, me- 
chanieal cleaning methods and the ad- 
dition of ehlorine practiced. 
Later Cloroben was utilized to the ex 
tent of 1 p.p.m. 


from 


were 


This was found to be 
successful when the chemical was added 
far enough up-sewer to give as much 
contact time as possible. Kennedy con 
cluded that a very substantial saving 
effected by the 
Cloroben for ehlorine. 

The control of sulfides with chlori- 
nated hydroearbons in Oklahoma City 
was reported by Taylor (13). Shock 
treatment of domestic sew- 


was substitution of 


combined 
age and industrial wastes to the extent 
of 10 p.p.m. for a short time, followed 
by the routine addition of 2 p.p.m. as 
long as hot weather persisted, was suc 
cessful reducing hydrogen sulfide 
odors in sewage being by-passed to a 
dry stream bed. 
Experimental Approach 

In view of the degree of 

achieved in some cities, together with 


SUCCESS 


the lack of uniformity of results in 
other cities, it advisable 
to establish a laboratory procedure for 


Was deemed 


the evaluation of the effectiveness of 


‘f 
Na 
‘ 
ci 
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various chlorinated hydrocarbons in 
the control of hydrogen sulfide produc- 
tion by microorganisms. In order to 
be able to correlate laboratory experi- 
ments with published data from field 
experiences it was necessary to begin 
the experimental program with Cloro- 
ben, the chemical substance for which 
considerable data have been published. 
Following this, it would be possible to 
apply the same procedure in the in- 
vestigation of the many organic chlo- 
rine compounds available in the chemi- 
cal market. The properties of slow 
action and long retention of effective- 
less possessed by the chlorinated hy- 
drocarbons related compounds 
leads one to believe that the eventual 
answer to the problem of sulfide con- 
Final 
selection of any one compound will de- 
pend on the correlation of effectiveness, 
as disclosed by laboratory and_ field 
studies, together with 
siderations. 


trol may lie in these substances. 


economie COn- 


Experimental Procedure 

Studies were made using three types 
of media in which hydrogen sulfide 
could be produced. The first medium 
Was cotton-filtered raw sewage from 
Ridgewood, New Jersey. Two syn- 
thetic were utilized, one with 
only inorganic sulfur compounds pres- 
ent and the other with mixed organic 
and inorganic sources of sulfur. The 
microorganisms chosen for the experi- 
ments were first a strain of Sporo- 
vibrio desulfuricans obtained from Dr. 
Starkey of Rutgers University, and 
secondly, the normal mixed population 
of microorganisms present in domestic 
Incubation temperatures were 
at 37° C. for the S. desulfuricans and 
at 20° C. and 37° C. 
organisms. 

Raw 


media 


sewave. 
for the sewage 


domestic sewage containing 
both organic and inorganic sourees of 
sulfur was obtained from Ridgewood, 
New Jersey. This was cotton-filtered 
to obtain a uniform medium. Analyses 
of the sewage were as follows: 
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‘Total Solids. 
Suspended Solids. 
Settleable Solids. . 
B.O.D. 


393 p.p.m. 
36 p.p.m. 
0 p.p.m. 
121 p.p.m. 
Sulfates 48 p.p.m. 
Total Alkalinity 75 p.p.m. 
pH. 7.3 


The composition of the synthetic 
medium containing only inorganic 
sources of sulfur was as follows: 


0.8 gm. 
2.0 gm.. 
0.5 gm. 
1.0 gm. 
0.07 gm. 
3.5 gm. 
0.3 gm. 
1000 mal. 


NaSO, 
MgSO,-7H0 
K.HPO, 

CaCl, 

Sodium Lactate 
Ferric Citrate 
Distilled Water 

In this medium, as established by 
Starkey (3), all of the elements neces- 
sary for bacterial respiration and nu- 
trition for SN. desulfurtcans were pres- 
ent. Sodium lactate as the 
organic food supply for these hetero- 
trophic bacteria in accordance with the 
chemical reaction noted in a previous 
section of this paper. 

The synthetic medium with mixed 
sources of sulfur, both organie and in- 
organic, had the same constituents as 
noted above, with the addition of neo- 


served 
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FIGURE 5.—Arrangement of incubation 
apparatus. 
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peptone to furnish an organie com- 
pound containing sulfur. 

All studies were made in 68 ml. 
fermentation bottles (Figure 5) under 
conditions which permitted no air to 
enter the bottle during ineubation pe- 
riods up to four weeks. A new tech- 
nique was developed to fill, seal and 
withdraw the sample for analysis with- 
out entrapment of air. This procedure 
will be described in the Appendix. It 
will be shown that determinations for 
hydrogen sulfide and dissolved sulfides 
could be made with a high degree of 
statistical correlation. 


Results 


Experiments were conducted over a 
period of two years using the culture 
media previously deseribed. Much 
pertinent data are available. To con- 
serve space only the highlights of the 
results will be presented here. 


Domestic Sewage—20° 


To the domestic sewage the emulsion 
of chlorinated hydrocarbons known as 
Cloroben was added in concentrations 
ranging from 0.25 to 10.0 p.p.m. by 
volume. Incubation periods up to 168 
hours were used at 20° C. At the end 
of the runs the untreated control had 
un average total sulfide content of 10 
p.p.m. The results may best be com- 
pared in terms of percentage inhibition 
of total sulfide formation using the eon- 
trol as the basis of evaluation. Table 
I presents the results on this basis. 
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TABLE I.--Percentage Inhibition of 
Total Sulfides at 20° C. 


Concentration of Cloroben (p.p.m.) 
Incubation 


ime 
(hours) 0.25 0.5 1.0 5.0 10.0 
is | 31 | 40 72 | 57 
66 40 54 19 55 | 47 
168 0 15 17 - 15 


Domestic Sewage—37° 


Since there did not seem to be much 
differences in the effects of dosages 
from 0.5 to 10 p.p.m. it was decided to 
attempt a comparison at widely vary- 
ing dosages, namely 1 and 50 p.p.m., 
and to increase the temperature of in- 
cubation to 387° C. to accelerate the 
biochemical reaction velocities. The re- 
sults of this experiment are shown in 
Table II. 

In an attempt to simulate conditions 
in which high concentrations of Sporo- 
vibrio desulfuricans are present, such 
as in sewer slimes and sludges, 1.0 ml. 
of a 12-hour anaerobie culture of this 
organism was added to each incubation 
flask. All other conditions of the ex- 
periment remained the same as noted 
in Table Il. These results are shown 
in Table ITT. 


Synthetic Medium—37° C. 


In order to establish a standard pro- 
cedure to evaluate the effect of chlo- 
rinated hydrocarbons in the presence 
of Sporovibrio desulfuricans it was de- 
sirable to utilize a reproducible syn- 


TABLE II.— Sulfide Production (p.p.m.) in Sewage at 37° C. 


Concentration of Cloroben (p.p.m.) 


3 
—— 

| 

hours 

Hes Diss. 8 | Tot. 8 | Diss. | Tot.S | Diss. 8 | Tot. 8 
Is 2.2 3.6 05 0.5 09 | O4 0.5 0.8 
ec 12 3.4 2.7 5.9 2.3 1.2 3.3 12 | 09 2.0 
a 72 6.3 1.2 10.1 1.0 0.8 4.5 2.6 1.2 3.6 
Sem 168 6.0 6.1 11.7 8.4 0 8.0 6.2 2.9 8.7 
a 336 8.3 3.0 10.7 | 8&3 5.1 12.9 | 6.0 5.8 11.4 
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Sulfide Production (p.p.m.) in Sewage Inoculated with S. Desulfuricans at 37° C. 


Concentration of Cloroben (p.p.m.) 


Incubation 
ime 


hours 


thetic medium. The principal con- 
stituents of this medium have already 
been noted. Mineral sulfates served 
as the principal source of sulfur and 
oxygen in the anaerobic environment 
prevailing in the ineubation bottles. 
Sodium lactate was the basie source 
of readily available organie food. 
Other organic compounds such as neo- 
peptone, which contains sulfur, were 
added to this medium as the occasion 
warranted. It should be understood 
that this medium is not intended to re- 
place sewage as a medium—sinee its 
B.O.D. would be many times that of 
sewage—but only to serve as a guide to 
a better understanding of the mechan- 
ism of the production of sulfides by 
microorganisms. 

Experiments were condueted under 
conditions similar to those employed 
with the sewage medium. Coneentra- 
tions of neopeptone ranging from 2000 
to 50,000 p.p.m. were utilized. The 
synthetic medium with 20,000 p.p.m. of 
neopeptone showed sulfide production 
differences which were statistically sig- 
nificant in evaluating the effects of dif- 
ferent mixtures of chlorinated hydro- 
carbons. 

To determine the effect of emulsifi- 
cation, studies were made with the 
above medium on orthdichlorobenzene 
dissolved in ethyl aleohol and on the 
emulsion known as Cloroben. Concen- 
trations of the solution and emulsion 
in the medium were varied from 50 to 
100 p.p.m. by volume. The results of 
these experiments are presented in 


Figure 6. The effect of proper emulsi- 
fication is immediately apparent. 


Discussion of Results 


Studies of sulfide production in do- 
mestic sewage reveal (Table I) that 
the emulsion of chlorinated hydrocar- 
bons known as Cloroben is effective in 
inhibiting the production of sulfides 
at 20° C. to the extent of approxi- 
mately 5C per cent for incubation pe. 
riods as long as 66 hours. Concentra- 
tions of Cloroben ranging from 0.5 to 
10 p.p.m. were approximately of equal 
effectiveness. This indicates that the 
chemical possesses inhibitory proper- 
ties over the microorganisms which 
utilize sulfur-containing organic com- 


Proouceo 


INCUBATION Time ~ Days 


FIGURE 6.—H.S inhibition in synthetic 
media using 50 and 100 p.p.m. of Cloroben 
and orthodichlorobenzene. 


Hos Diss. S | Tot. 8 Diss. Tot. 8 Hes Diss. 8 Pot. 
18 0.8 5.8 6.6 13 | 4.0 5.2 0.6 4.5 5.0 hes 
42 a3 |} 62 | 8.9 35 | 65.0 8.3 13 | 6.8 | 8.0 
72 3.5 6.4 10.5 64 4.6 | 10.6 3.1 4.5 7.4 
168 6.7 4.5 10.8 7.0 7.1 13.7 5.2 6.8 
336 7.5 92 | 16.2 9.0 5.9 | 144 4.9 12.8 17.4 nae 
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pounds and which are normally present 
in a fresh, medium-streneth domestic 
seWave. 

Since the duration of inhibition does 
not extend much beyond 66 hours it 
is probable that S. desulfuricans de- 
velops sufficiently after this period to 
reduce sulfates in considerable quanti- 
However, 
than it 
through a sewer system so that longer 
required for sulfide 

Another important 
from the results in Table 
I is that only slightly more than trace 
quantities of the chemical are required. 


ties. this is a far greater 


time takes sewage to pass 
periods are not 
control in sewers. 


observation 


A concentration of 0.5 p.p.m. was vir- 
tually as effective as 10 p.p.m. for 66 


hours. This demonstrates the slow but 


effective action of chlorinated hydro 


carbons. 

The results obtained with 
sewage incubated at 37° ©. 
sented in Table IT. 
parison these values may be tabulated 


domestic 
were pre- 
For ease of 


on a percentage inhibition basis, using 
the control chemical 
added Table 


IV has been prepared in this manner, 


portions (no 
as the basis of evalution. 


the columns headed ‘‘Sewage’’ repre 
Table IL and 
those headed ‘‘Sewage and Sp. des.’ 
from Table IIT. 

As noted in and in. the 
headed Table 
IV. 1 and 50 p.p.m. of Cloroben were 
75 per cent effective in reducing sulfide 


senting results from 


Table IT, 


columns In 


TABLE IV. —Comparative Percentage 
Inhibition of Total Sulfides with 
and without Inoculation 


entration of Cloroben (p.4 


production for 18 hours in’ domestic 
the end of 72 hours, the 
dosage of 1 p.p.m. cent 
effective while 50 p.p.m. was 65 per 
effective. This was the limiting 
time of effectiveness for both dosages. 


sewage, At 


was 5) per 
cent 
It is evident that high dosages are not 


relatively 
factors 


necessary in fresh 


other 
stituents of sewage enter into the prob- 


sewave 
unless beside the con- 
lem. 

When cultures of 


Sporovibrio desulfuricans were intro- 


active anaerobic 
duced into sewage in the laboratory 
experiments a great difference in sul- 
fide production was noted. 
evident when Tables IIT and IIL are 
compared in the columns with no ad- 
Sulfide production 
was 3.6 p.p.m. the 
p.pan. in the 
with de- 
This indicates the impor- 


This is 


dition of chemical. 
in 18 


normal 


hours 
sewage and 6.6 
sume sewave imoculated 
sulfuricans. 
tant 
ducing organisms in the production of 
sulfides in sewers. 


role played by these sulfate-re- 


The chlorinated hydrocarbons pres- 
ent in Cloroben exhibited only small 
inhibitory properties in the presence 
of large numbers of SN, 
After 18 hours of 
(., dosages of 1 and 50 p.p.m. of this 


desulfuricans. 
incubation at 37 


chemical inhibited sulfide production 


less than 25 per cent 


Table IV 


cent in 


as compared 
inhibition of 75 per 
only the 
normal mixed microbiological popula- 
This emphasizes the need for re- 
moval of slimes from sewer walls. 
Starkey (2) has stated that the only 
organism capable of producing hydro- 


with 
sewage containing 


tion. 


ven sulfide by the reduction of sulfates 
is desulfuricans. 

Since these are present in such small 
rumbers in fresh sewage, as shown by 
Heukelekian 
of sulfides in the normal sewage should 
be attributed to the 


sulfur-containing organic compounds, 


6), the major production 
destruction of 


such as proteins and their derivatives, 
by the normal sewage organisms such 


as the coliform group. This is further 


AS 
4 
~ 
> 
( 
= 
4 Co 
Incubation 
hours 
3 Sewage | Sowage | & 
ta 18 75 21 78 24 ea 
2,4 | 7 | 6 0 
a 72 55 0 65 30 ae 
168 32 0 26 0 
336 0 11 0 0 
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indicated by the facet that Cloroben 
will suppress sulfide formation in the 
normal but not when S. de- 
sulfuricans is present abundance. 
Therefore, it be concluded that 
the production of sulfides from organic 
sources of sulfur is an important fac- 
tor in the problem of sulfide control. 

This importance may be further em- 
phasized by considering the environ- 
mental 
of sulfide-producing organisms. 


sewage 


may 


factors governing the growth 
The 
coliform and similar groups of organ- 
isms in sewage are facultative, meaning 
that they can grow under aerobic and 
anaerobie conditions, or at positive and 
negative oxidation-reduction potentials 
Sporovibrio desulfuricans, be- 
ing strict anaerobes, reproduce most 
effectively at highly negative 2, values 
3), in the range from — 200 to — 300 
millivolts. 
As the normal sewage organisms con- 
sume organic matter ina fresh sewage, 
any dissolved oxygen is first utilized 


for bacterial respiration. Unless the 
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supply of oxygen is replenished by 
solution from the atmosphere of the 
sewer, or by transfer from other por- 
tions of the sewage, the E, will be 
iowered to the point where aerobic 
conditions cease to exist. When the 
KE, becomes negative the anaerobie en- 
vironment will prevail. Some of the 
facultative sewage bacteria will then 
extract from organie com- 
pounds and may produce sulfides, as 
previously discussed. 


oxygen 


As the destrue- 
tion of organic matter proceeds in the 
absence of oxygen, the Ey, may con- 
tinue to be lowered until the range is 
reached where S. desulfuricans can re- 
produce in great numbers and thus 
reduce sulfates to sulfides. If the 
state of the sewage can be prevented 
from being lowered in FE, value to the 
point of effectiveness of SN. desulfurr- 
cans, the production of sulfides can be 
inhibited to a great extent. 

The reasons for this inhibition may 
most readily be understood by means 
of the graphs shown in Figure 7. If 
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FIGURE 7.—Reduction of O-R potential with time. 
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fresh domestic sewage, with an initial 
oxidation-reduction potential of + 150 
millivolts, is incubated at 37° C. the 
potential will be lowered very rapidly 
by the microorganisms in the sewage. 
In 18 hours the potential will be lower 
than — 200 my. and thus be conducive 
to the growth of Sp. desulfurtcans and 
reduction of mineral sulfates. On the 
other hand, if 1 p.p.m. of an emulsified 
chlorinated hydrocarbon is added to 
the fresh sewage prior to incubation, 
the potential will decrease less 
rapidly since the sewage organisms are 
partially inhibited in their growth. 
Thus, there is a significant retardation 
in the production of hydrogen sulfide 
from organic sources of sulfur. 

To control sulfide production, chlo- 
rinated hyvdroearbons should be added 
to sewage while in a relatively fresh 
state, preferably with a positive O-R 
potential. It is too late to add these 
chemicals after the sewage has turned 
black and with high sulfide 
content, because Np. desulfuricans may 
be present in numbers at that 
time. The alternative would be to treat 
the septic sewage with a high dosage 
of chlorine to kill the Sp. desulfurieans 


septic, 


large 


and oxidize the sewage to obtain a posi- 


tive O-R potential. Chlorinated hy- 
then be added to 
sewage in a_ relatively 
fresh state in a manner similar to that 
previously described. 

more 
problem lies 


could 
maintain the 


drocarbons 


solution to the 
first in the removal of 
the major sources of Np. desulfuricans, 


desirable 


such as sludge de- 


This could be accomplished by 


sewer slimes and 
posits 
attacking the organisms which comprise 
the slimes, either by solvent action of 
the chemical or by bactericidal and 

thus causing 
from the 


bacteriostatic 
them to be 
wall 


actions, 
released sewer 
Methods of accomplishing slime. re- 


moval were discussed previous 
When the slimes 
sewer walls the 


normal microbiological populations of 


section of this paper. 


were removed from 
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sewage, including the coliform organ- 
isms and desul- 
furicans, avencies 
through which sulfides could be pro- 
duced. The laboratory experiments 
reported herein have shown that chlo- 
rinated hydrocarbons will considerably 
inhibit sulfide production for 72 hours 
and will high inhibition 
for 18 Thus, the laboratory 
experiments gave results which can be 
correlated directly with the field) ex- 


small numbers of SN. 
were the only 


show a very 


hours. 


*periences previously cited. 


media 
indicate that a procedure has been es- 
tablished whereby the effects of various 
chlorinated 
evaluated. 


The results using synthetic 


hydrocarbons 
The Figure 6 
indicate that the prepared emulsion 
known as Cloroben is more effective in 
inhibiting sulfide production than a 
solution of 
ethyl alcohol. 
ference 


may be 
results in 


orthodichlorobenzene in 
The reason for the dif- 
well lie in the relative 
dispersion achieved after each has been 


may 


Since orthodichloro- 
water, it re- 
quires a strong emulsion to achieve 


added to sewage. 
benzene is insoluble in 
the ultimate degree of dispersion re- 
quired to affeet most of the bacteria 
in the sewage. Therefore, as much at- 
tention must be paid to the properties 
of the emulsion as to the chlorinated 
hydrocarbon which is the effective in- 
hibitory agent. Studies are being 
carried out to determine the inhibitors 
properties of many other chlorinated 
hydroearbons so that a more complete 
evaluation may be made. Properties 
of emulsions, the hydrocarbons and the 
dispersing agents can all be studied 
by the 
course of the research reported in this 
paper. 


procedure developed the 


Summary 
A comprehensive review of the liter- 
that the mechan- 
isms of the production of hydrogen 
sulfide into 
These are categorized by the 
sulfur for the 


ature has disclosed 


divide themselves two 


classes. 


source of biochemical 


gar 
, 
° 
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reactions. The production of hydrogen 
sulfide by the reduction of sulfates is 
the most prevalent reaction. This is 
accomplished solely by Sporovibrio de- 
sulfuricans. Hydrogen sulfide may also 
be produced by the decomposition of 
organic matter containing sulfur such 
as proteins and their derivatives. 
These organic compounds are always 
present in domestic sewage and are 
readily decomposed by the normal mi- 
croorganisms present in sewage, such 
as the coliform group. In order to 
minimize hydrogen sulfide production 
in sewage both types of mechanisms 
must be investigated and measures de- 
vised for each of them. 

Consideration has been given to 
many types of chemicals which have 
been used with varying degrees of sue- 
cess for the control of sulfides in sew- 
ers. In the past few vears attention 
has been drawn to the results achieved 
in a number of cities by using small 
dosages of chlorinated hydrocarbons 
in sewage, thus reducing sulfide con- 
centrations and avoiding nuisance and 
damage to sewers. Chlorinated hydro- 
carbons and other organic chlorine 
compounds have given great promise 
in other fields through their intensive 
development by the chemical industry, 
resulting in compounds such at DDT 
and 2.4.D. For these reasons it was 
decided that research should be carried 
out on the effect of organie chlorine 
compounds on sulfide control. 

This study is of necessity a long one 
since so many compounds will have to 
be investigated. Only the first part 
can be reported in this paper. Since 
the data already reported in the litera- 
ture as a result of actual operation of 
sewer systems have been concerned 
mostly with an emulsion of chlorinated 
hydrocarbon called Cloroben, the re- 
search undertaken by the authors was 
concentrated on this substance. This 
would permit correlation of laboratory 
studies with actual operating results 
in large sewer systems such as Los 
Angeles. 

Experiments were conducted in 68 


ml. bottles using a medium strength 
domestic sewage and also some syn- 
thetic media. Incubation was at 20° 
C. and 37° C. for periods of time up 
to 2 weeks. Hydrogen sulfide and other 
dissolved sulfides were determined by 
a new technique developed specifically 
for this research work. This technique 
permitted an accurate evaluation of 
the factors involved in sulfide produe- 
tion. 

The results indicated that small con- 
centrations of Cloroben could markedly 
inhibit the production of hydrogen 
sulfide in domestic sewage up to 72 
hours. Little difference was noted in 
the effect of concentrations between 
0.5 and 10 p.p.m. of Cloroben. It was 
concluded that low concentrations of 
this chemical were effective in the in- 
hibition of the normal sewage micro- 
organisms which decompose sulfur- 
containing organic compounds. 

When S. desulfuricans was present 
in high concentrations in sewage, con- 
trol was not effective until large dos- 
ages were employed. The same was 
true when using synthetic media in- 
oculated with S. desulfuricans. Thus, 
Cloroben does not inhibit the action 
of these organisms in reducing sulfates 
to hydrogen sulfide when they are pres- 
ent in large numbers, such as in sewer 
slimes and sludge deposits. However, 
it has been shown that chlorinated 
hydrocarbons will remove these slimes. 
After removal of the slimes, together 
with the correction of design and op- 
erating conditions leading to sludge 
deposits, emulsified chlorinated hydro- 
carbons can be added at a_ sufficient 
pumber of points up-sewer on the main 
sewers. This will markedly inhibit the 
normal sewage organisms from produc- 
ing sulfides by the destruction of or- 
ganie sulfur-containing compounds. 

The chlorinated hydrocarbons will 
also serve to retard the lowering of 
the oxidation-reduction potential of 
sewage and thus increase the length 
of time necessary to reach a low enough 
potential favorable to the rapid growth 
of Sp. desulfuricans and the reduction 
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The retardation can per- 
sufficient time to permit 
sewage to flow through a long sewer 


of sulfates. 
sist for a 
system with no substantial production 
of sulfides. 


Conclusions 

1. A new laboratory technique has 
been developed to permit an accurate 
evaluation of the inhibitory properties 
of organie and inorganic compounds 
in the biochemical production of sul- 
fidles. 

2. The initial production of sulfides 
in sewage usually oecurs in biochemical 
reactions in which the mixed popula- 
tion of sewage organisms, such as the 
coliform sulfur-con- 


group, consume 


taining organie compounds. These re- 
actions also serve to lower the oxida- 
tion-reduction potential of the sewage. 

3. Secondary production of sulfides 
the oxidation-reduction 
potential becomes lowered to the range 
200 to 300 millivolts. In 
this range NSporovibrio desulfuricans 
will reproduce in effective numbers to 
reduce mineral sulfates to sulfides. 

4. Chlorinated hydrocarbons such as 
orthodichlorobenzene, 
emulsified, will inhibit the initial pro- 
duetion of hydrogen sulfide in sewage, 


when 


Occurs 


Trou 


when properly 


and thus keep the sewage in a rela- 


tively fresh state for a long enough 
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time to permit passage through a sewer 
system. 

5. A 75 per cent inhibition of sulfide 
production may be achieved for 18 
hours at 37° C. in a normal domestic 
the chlorinated hydro- 
carbons emulsion known as Cloroben 


sewage when 


is present in a concentration of 1 
p.p.m. 

6. Concentrations higher than 1 
p.p.m. do not increase the inhibitory 
effect of the chemical to any appreei- 
able extent when applied to normal 
domestic sewage. 

7. High concentrations of sulfate-re- 
ducing organisms and septic conditions 
(low oxidation-reduction potentials) 
nullify the inhibitory effect of chlo- 
rinated hydrocarbons in sewage and 
specific svnthetic media. 

8. The mechanism of sulfide produe- 
tion by the reduction of mineral sul- 
fates 


cannot be controlled by small 


dosages of chlorinated) hydrocarbons 
and must be controlled by removal of 
the Sporovibrio desulfuricans sources 
such as sewer slimes. 

9. The mechanism of sulfide produc- 
tion bv the decomposition of sulfur- 
containing organic compounds by nor- 
mal sewage organisms, such as_ those 
of the coliform group, can be controlled 
by the 


chlorinated hydrocarbons. 


addition of small dosages of 
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A Metnop ror 


This method permits separate de- 
terminations of hydrogen sulfide— 
both gaseous and dissolved—other dis- 
solved sulfides, and total sulfides, from 
the same sample of material. It is of 
vreatest value in laboratory experi- 
ments where there is a possibility of 
error due to (1) the eseape of hydro- 
ven sulfide, and (2) organic compounds 
Which interfere with conventional meth- 
ods. The reliability of this method has 
been checked on a statistical basis and 
proven valid. 

The hydrogen sulfide was produced 
biologically in 68-ml. culture bottles. 
The sample was placed in the bottle 
and the bacterial culture added. When 
the bottle was ready for incubation 
it was tightly closed by a sulfur-free 
rubber stopper containing two glass 
tubes. One, a capillary, extended to 
within 14 in. of the bottom of the flask, 
and the other an outlet tube “4 in. 
diameter, penetrated 1, in. into the 
culture solution. Prior to ineubation 
the two glass tubes were sealed by at- 
tachine  sulfur-free rubber 
closed by screw clamps. 


tubing 
In addition, 
all connections were sealed with a mix- 
ture of paraffin and vaseline. No de- 
tectable hydrogen sulfide escaped dur- 
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APPENDIX 


THE DETERMINATION Of 


* IlypROGEN SULFIDE IN CLOSED VESSELS 


ing incubation periods as long as 4 
weeks. The tightness of the seal was 
determined periodically by vesting the 
incubator atmosphere with lead. ace- 
tate paper. 


Method 
A. Hydrogen Sulfide Determination 
After attaching the culture bottle 


in the manner noted in Figure 8, the 
following method for determining hy- 
drogen sulfide was employed : 


1. Sweep entire apparatus, except 
incubation bottle, with nitrogen 
for 15 minutes. This prevents oxida- 
tion of the hydrogen sulfide. 

2. After clearing the apparatus, 
sweep the hydrogen sulfide from the 
incubation bottle with a stream of ni- 
trogen gas for 4 hours at the rate of 
130 bubbles per minute. 


vas 


3. The hydrogen sulfide is caught 
in two Erlenmeyer flasks containing 
saturated zine acetate solution. 


4. Add excess standard iodine solu- 
tion. 

5. Back-titrate 
sulfate 
cator. 


with standard thio- 


solution using a stareh indi- 


SaTURATED 
Zinc ACETATE 
SovuTion 


me. CULTURE 
Gorrie 


CAPILLARY 


FIGURE 8.—Arrangement of apparatus for H.S determination. 
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B. Determination of Dissolved Sul fide s 


Two types of media were employed 
in these experiments: one consisting of 
inorganie substances, the other contain- 
ing organie compounds. 
tated two methods of analvsis for dis- 
solved sulfides. 

1. In an inorganic medium: 


This necessi- 


(a) Shake culture bottles to insure 
uniformity of solution. 

Take an aliquot portion (10 ml.). 
Add to 20 ml. of standard 0.025N 
solution in a 60 ml. glass-stoppered 
bottle. 

Acidify, shake well and allow to 
stand 5 minutes. 

Titrate with 0.025N sodium thio- 
sulfate solution using a starch in- 
dieator. 


2. In an organie medium: 


Determine sulfide as 


above. 


hydrogen 


Acidify culture solution with 5 
inl. concentrated sulfurie acid. 
This is done by lifting the stopper 
of the culture bottle and quickly 
adding the acid. 

Sweep the nitrogen gas and con- 
tinue as for the determination of 
hvdrogen sulfide above. 


Determination of Nulfates 


Inorganic sulfates were determined 
by standard gravimetric methods. 


Discussion 

Although this method is more time- 
consuming than others, it is especially 
valuable where small quantities of hy- 
drogen sulfide are to be determined 
At no time during the procedure is the 
system opened to the atmosphere until 
all the hydrogen sulfide is in a ‘‘ 
state. 
pounds such as skatole and indole is 
eliminated. Contamination of the ab- 
sorption solution by the culture me- 
dium is eliminated by the use of a 
Kjeldahl] trap. Oxidation of hydrogen 
sulfide is prevented by prior removal 
of air by sweeping the entire apparatus 


safe’’ 
The interference of organic com- 
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with nitrogen gas. The hydrogen sul- 
fide is determined directly. 

In the evaluation of the reproducibil- 
ity of results in using this analytical 
procedure it was thought that differ- 
ences in values obtained for hydrogen 
sulfide and dissolved sulfides in dupli- 
cate samples could probably be at- 
tributed to an insufficient contact time 
with nitrogen gas. In order to estab- 
lish the contact time for 
introducing nitrogen into the ineuba- 
tion bottle, a series of experiments was 
performed. The synthetic medium con- 
taining only inorganic sources of sulfur 
was utilized for the production of sul- 
fides by S. desulfuricans. Nitrogen was 
bubbled from the end of the capillary 
tube at the desired rate of 130 bubbles 
per minute. 

The experiments involved the utiliza- 
tion of various contact times up to 4 
hours. Preliminary experiments  re- 
vealed that consistent results could not 
be achieved in less than 2 hours. De- 
tailed experiments were performed 
with nitrogen sweeping times of 2, 3 
and 4 hours. After 2 hours the total 
sulfides seemed to check quite well but 


necessary 


a large discrepancy was noted between 
the hydrogen sulfide and dissolved sul- 
fide determinations in duplicate sam- 
It was finally established that 
t hours of sweeping time was necessary 


ples. 


to secure the degree of accuracy re- 
quired for the experiments noted in 
the main portion of this paper. 


Statistical Analysis of Reproducibility 
of Results 


Table V 


tained 


presents the results ob- 
using the nitrogen 
technique for 4 hours on synthetie cul- 
ture media which had been incubated 
for 42 hours at 37° C. Nine separate 
incubation bottles were used. The 
standard deviations and coefficients of 
variation were determined for hydro- 
ven sulfide and total sulfides. 

It will be noted that the results ob- 
tained for hydrogen sulfide and total 
The eo- 


efficient of variation for each was only 


sweeping 


sulfides were very consistent. 


: 
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TABLE V.—-Sulfides Produced in 
Synthetic Media After 42 Hours’ 
Incubation at 37° C. 
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4.5 per cent. Assuming a normal dis- 
tribution of errors, these statistical re- 
sults indicate that 95 per cent of the 
time the analytical procedure can be 


Dissolved | Tot -elied 

Bottle No. — reliec upon to give an experime 

pe error of less than + 9.0 per cent. The 

l 210 414 | 239 results also signify that 50 per cent of 

2 221 68 | 215 the time the experimental error in any 

pos one analysis for or total sulfides 

5 20 939 230 will be within 83 per cent of the mean 

6 227 144. | 226 value which would be obtained from a 

7 223 17.2 227 whole series of similar experiments. 

8 224 18.0 228 Thus, the analytical technique may be 

° 192 28.0 208 relied upon to give a high degree of 

| accuracy in the determination of sul- 

Mean 210 227 fides and in the subsequent study of 

er the effectiveness of various chemicals 

in the inhibition of sulfide production 
7 by biochemical means. 

DISCUSSION 


By LeRoy W. Van KLerEcK 


Principal Sanitary Engineer, State 


Prof. Eliassen has discussed clearly 
and ably the fundamental principles 
involved in hydrogen sulfide produe- 
tion. The research he is undertaking 
on the use of various chlorinated hydro- 
carbons to control sulfide in sewage is 
needed and his conelusions will be 
awaited with interest. 

His summation on the inhibitory ef- 
fects of Cloroben on sulfide production 
appears a sound basis for further field 
trials. The writer observed some ef- 
fects from the use of this material by 
Guy E. Griffin at Old Greenwich, Conn. 
in 1935 and 1936. Griffin applied 
Cloroben at the sewage treatment plant 
to a stale sewage just prior to plain 
sedimentation and chlorination in an 
effort to control odors and reduce the 
high chlorine demand of the sewage. 
His results were not published.t| A 
dose of 15 p.p.m. was initially tried in 


1 The Cloroben used by Griffin was a tech- 
nical grade of orthodichlorobenzine. It was 
not prepared, as the present-day Cloroben, as 
un emulsion. 


Department of Health, Hartford. Conn. 


the summer of 1935, this being sub- 
sequently reduced to 10 p.p.m. because 
of objectionable odors around the sew- 
age plant from the Cloroben_ itself. 
However, the latter dose produced a 
pronounced odor from the Cloroben 
and also proved toxic to the process 
of sludge digestion.” Its use was 
stopped until early in 1936 when a 
dose of 6 p.p.m. was used. This did not 
appear to affect digestion, but Cloroben 
odors persisted around the plant and 
in the sludge drawn to the drying beds. 
While the material reduced the sulfides 
and concurrently resulted in’ lower 
chlorine demands, it was coneluded 
that its possible effects on digestion 
and its penetrating odor outweighed 
its advantages. 

In the light of subsequent field use 
by Brown, Kennedy and Taylor and 
the experiments by Eliassen, it appears 

2 Not being a Cloroben emulsion, the ortho 
dichlorobenzine probably settled out in’ the 
sludge as do the heavy metals toxic to sludge 
digestion. 
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that the Cloroben doses used by Griffin 
in these early trials were too high and 
were applied too late. A happier end- 
ing might have resulted from an initial 
dose of perhaps 2 p.p.m. to a fresher 
raw residual in the 
effluent of around 0.5 p.p.m. However, 
a warning is in order that when Cloro- 
ben is to be added near or at a sewage 
treatment plant, the possibility of its 
inherent odor and its accumulative ef- 
fect on sludge digestion be investigated. 
To the writer, the penetrating odor of 
Old 
Was as objectionable as 


sewave to give a 


Greenwich 
that of the 
hydrogen sulfide which it eliminated. 


Cloroben as used at 


Hydrogen Sulfide from Salt Water 

A factor in the reduction of sulfates 
by sulfur-splitting bacteria normally 
present in is the 
salt water. 


sewage presence of 
Salt water infiltration into 
sewers and through leaking tide gates 
is an ever present possibility in sewer 
systems located near salt waters. Con- 
necticut has had some examples of this 
trouble and the problem is a vexatious 
one. 

What is probably a typical analysis 
of the 
presented in 


salts in pure water is 


Table T. 


such 


ocean 
The 


are 


sulfates 


present in waters readily 
broken down to sulfides with the pro- 
duction of hydrogen sulfide. Sulfide 
concentrations as high as 10 p.p.m. have 
been found in some Connecticut sew- 
ages. 

In making field tests for sulfides the 
**Modified Antimony Tartrate Meth 
od’? as reported by Johnson (1) has 
been found by the writer to give very 
dependable results, when used with a 
This 


comparator should be provided with a 


home-made color comparator, 


1, Johnson, Harry E., 6*.A Comparison of Two 
Methods for Determination of Hydrogen 
Sulfide in Sewage.’* Tris JourRNAL 3, 


205 (April, 1931 
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yellow paper backing for viewing the 
samples and standards, and its use has 
been found necessary for reading H.S 
contents below 2 p.p.m. In 
the iodine titration method 
found unreliable. 


contrast, 
has been 


TABLE I.~ Salts in Ocean Water 

Salt 
Common salt (sodium chloride 27,213 
Magnesium chloride 3,807 
Magnesium sulfate 1,658 
Gypsum (calcium sulfate 1,260 
Potassium sulfate 863 
Calcium carbonate and residue 123 
Magnesium bromide 76 


An outstanding example of the ef- 
fect of the breakdown of sulfates in- 
troduced into sewage by the entrance 
of salt water at high tidal stages was 
reported by Scott and Van Kleeck (2) 
in tests on the Stanford, Conn. sewage 
in 1933. 
in cooperation with the Chlorine Insti- 


Based on extensive tests made 


tute, pre-chlorination was adopted, re- 
sulting in a reduction of the chlorine 
demand from 150 Ib. per m.g. for post- 
chlorination to 80° Ib. 


pre-chlorination. 


with 
Later the source of 


per mg. 
salt water infiltration was traced to a 
and 
storm drain which permitted the back- 
ing up of salt water into the sanitary 


break between a sanitary sewer 


sewer at every high tide. Since repair- 
leak 
this sewage from salt water has further 


ing this the chlorine demand of 
decreased. 

The past has tane¢ht that operators 
of sewage works must be ever alert to 
the harmful effeets of this destructive 
sulfide must 
take the necessary steps for its elimi- 


agent—hvydrogen and 


nation whatever the cause of its forma- 


tion. 


Seott, Warren 
Chlorine 


J., and Van Kleeck, L. W., 
Disinfection of 
THIS JOURNAL, 6, 784 (July, 


Sewage. 


1934). 
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SEWER SYSTEM OPERATION AND MAINTENANCE 
PROCEDURES AT MILWAUKEE * 


By Luoyp D. Knapp 


Superintendent, Bureau of Sewers, Milwaukee, Wis. 


The 


structs, 


sureau of Sewers designs, con- 

operates and maintains all 
combined, sanitary and storm sewers 
in the City of Milwaukee. All house 
from the main sewer to the 
building, are the property and respon- 
sibility of the property owner, and 
must be cleaned and maintained by 
him. The Milwaukee Sewerage Com- 
Mission constructs, operates 
and maintains intercepting sewers and 
a sewage treatment plant for the entire 
metropolitan area. The Commission 
Was organized in 1913. Prior to that 
time all sewers in the City were cf the 
combined type and emptied directly 
into one of the three rivers or into Lake 
Michigan. 


sewers, 


designs, 


Since 1915, the city has constructed 
separate sanitary and storm sewers in 
its newly annexed territories. Today 
the Bureau is responsible for approxi- 
mately 500 miles of combined sewers, 
300 miles of sanitary sewers and 300 
miles of storm sewers. These sewers, 
most of which are circular, range in 
size from 6 in. to 144 in. diameter. 
Some of the storm sewers are of a ree- 
tangular section, the largest of which is 
a double box, with each side measuring 

ft. by 10 ft. 

The older sewers were built of clay 
pipe, natural cement concrete pipe and 
brick. The natural cement conerete 
pipe sewers were either 12 in. diameter 
circular, or egg-shaped 12 in. by 18 
in., or 15 in. by 21 in., with a flat base 
to facilitate laving. Most of the older 
sewers 24 in. diameter or larger were 

* Presented at Twenty-first Annual Meet- 
ing, Federation of Sewage Works 
tions, Detroit, Mich., Qcetober 18-21, 


Associa- 


1948. 


47 
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built of brick, and in few instances 
of planks. Today vitrified clay pipe is 
used in sizes up to 36 in. diameter, 
conerete pipe in sizes up to 66 in. di- 
ameter, and monolithic concrete for box 
sections and circular sections as small 
as 48 in. diameter. Vitrified clay liner 
plates are used where needed in the 
monolithic sewers and in pipe sewers 
42 in. diameter and over. 

It is present policy to use concrete 
pipe for sanitary and combined sewers 
in residential and local business areas, 
and to use vitrified clay pipe in light 
manufacturing and industrial districts. 
Zoning is quite well stabilized, and 
this policy has proven satisfactory 
over a long period of years. The sew- 
ers are quite well ventilated and, since 
the establishment of the Sewerage 
Commission, designs have provided for 
minimum velocities of 2 ft. per second. 
There are, therefore, but few septic 
conditions, and there has been no 
known trouble with hydrogen sulfide 
vas in the residential areas. 


Organization 


The Bureau of Sewers is organized 
into a construction division, an engi- 
neering or design division, an account- 
ing division, and a maintenance di- 
vision. This latter division is in charge 
of the cleaning, flushing and repair of 
all sewers and appurtenances, as well 
as the construction of all catch basins, 
storm inlets and overflows. The di- 
vision is under the direct charge of a 
field supervisor and an assistant. The 
city is divided into three districts, 
each under the supervision of a district 
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foreman reporting to the field super- 
visor. Each district 
charge of two or 


foreman in 
three 


gangs, consisting of a 


construction 
foreman with 
eight or ten men, a catch basin cleaning 
crew, one or two sewer cleaning gangs, 
a flushing crew, one or two sewer ma- 
sons with helpers, a troubleman, and 
a timekeeper. At division headquarters 
there is a blacksmith, a carpenter, and 
a machinist, all with helpers, and two 
sewer examining crews of three men 
each. 

All city-owned 
ment, 


automotive equip- 
automobiles, trucks, 
trailers, air compressors, eductors, con- 
crete mixers, cranes, ete., are operated 
and maintained by the Bureau of 
Municipal Equipment. This equipment 
is rented to the various other bureaus 


such as 


as needed and at rates somewhat below 
that charged by private owners. Spe- 
cial equipment such as pumps, cleaning 
machines, steamers, ete. are in direct 
charge of the Bureau of Sewers. 


Construction Crews 


The construction crews excavate for 
the catch basins, and construct storm 
inlets and overtliows during the con- 
struction These 
build short sections of 
the occasion may require. 


seasons. also 


crews 
hew sewers as 


Catch basin and manhole bottoms are 
poured with ready-mixed concrete and, 
where conditions permit, steel forms are 
set up and the bottom half of the catch 
basin is also poured with ready-mixed 
concrete. A sandbag is placed in the 
form to provide an opening for the 
overflow pipe and trap. A sewer ma- 
son follows this crew and lays up the 
top half of the catch basin with eon 
crete brick. 

The storm inlet assembly consists of 
a frame and grate with a side inlet 
box resting on a laver of brick. The 
brick rests on the edge of a large cast 
iron bowl, and the bowl in turn rests on 
a cast iron elbow with a 15-in. radius. 
The large flat 


elbow has a base to 


May, 149 
facilitate placement, and after it has 
been set and backfilled with gravel, the 
rest of the assembly is quickly put 
together. The frames, grates, and side 
inlet boxes used in storm inlet con- 
struction are identical with the castings 
used for catch basins. 

Each combination tool 
wagon and shanty equipped with a 
small stove. 


crew has a 
Each crew is assigned an 
air compressor with sufficient capacity 
to operate two jack hammers continu- 
ously. The city owns trailer- 
mounted and truck-mounted compres- 
sors and an effort is made to keep one 
truck-mounted compressor in each dis- 
trict for The older 
compressors Sullivan or 
Rand, while the newer ma- 
chines are LeRoi. 


emergency use. 


are mostly 
Ingersoll 
Each crew also has 
two jack hammers, two clay diggers, 
and a demolition tool. This latter tool 
small compact rig that can be 
used inside a catch basin or manhole 
for tearing out masonry work. These 
pneumatic tools are of various makes 
such as Sullivan, Cleveland, Ingersoll 
All of 
the pneumatic equipment has proven 
satisfactory. 

Each construction crew has a 
1%-in. C. H. & E. centrifugal pump, 
two wheelbarrows, screw jacks, 200 ft. 
of 21%4-in. flushing hose, 100 ft. of 1-in. 
flushing hose, a hydrant valve, barri- 
cades, red flags, 


is a 


Rand, and Chicago Pneumatie. 


also 


lanterns, and miscel- 
laneous small tools. These special hy- 
drant valves are used to regulate the 
flow of water, thus permitting the hy- 
drant itself to be open to full capacity. 
The Water Department recommends 
this practice as a means of preventing 
wear and tear on the hydrant parts. 

The city owns one truck-mounted 
Hydro-crane (Figure 1) with a 4- 
cu. vd. bucket, which the Bureau of 
Sewers uses on a year-around basis. 
One or two more of these cranes are 
rented during the construction season. 


These cranes are operated hydrauli- 


cally, even to the opening and closing 
of the bucket. They are used for dig- 
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ving purposes, and they operate quite 
successfully where the ground is not 
too hard. 

The advantages of this type of ma- 
chine are that it can be quickly moved 
from place to place in an emergency 
and can be digging 2 or 3 minutes 
after arrival on the job. The machine 
is mounted on an International Truck 
chassis and can travel along city streets 
safely at a speed of 25 to 30 miles 
per hour. This equipment is used to 
ereatest advantage in the outskirts 
where there is little interference from 
other underground structures. One 
2\%-cu. yd. dump truck accompanies 
each Hydro-crane. This is sufficient, 
especially in the outskirts where a 
dump can usually be found within a 
5- or 10-minute run. These cranes are 
also used in the older sections of the 
city, at locations where digging con- 
ditions are favorable. Experience with 
the Hydro-cranes to date indicates that 
under favorable conditions the cost of 
excavation can be reduced approxi- 
mately 30 per cent over hand digging. 


FIGURE 1.—Milwaukee’s Hydro-crane set up for digging operation. 
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Otherwise all digging for catch ba- 
sin and overflow construction as well 
as for sewer repairs is done by hand. 
The hand digging crews load their dirt 
into trailers of about 5 cu. yd. ca- 
pacity. The empties are spotted and 
loads pulled once a day. 

In the winter months the construe- 
tion crews are put out on repair jobs. 
They remove and replace broken or 
cracked pipe, break out and replace 
defective concrete tunnels, and 
break ovt defective masonry in the 
brick sewers preparatory to repairs to 
be made by the sewer masons. One ex- 
tensive repair job carried over several 
Winter seasons, involving the removal 
and replacement of concrete in the 
lower quadrant of a 72-in. tunnel and 
the lining of same with vitrified clay 
liner plates. This was a storm sewer 
tunnel into which acid had been dis- 
charged for several vears. Winter dig- 
ging is admittedly expensive, but it has 
been necessary to operate all winter 
in order to keep the crews manned 
with experienced men, and because it 
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is not possible to hire sufficient men 
to make the necessary repairs in the 
summer months when the construction 
program is heavy. Then too, it would 
be difficult to the extra 
and equipment needed to do both re- 
pairs and construction in the summer. 

The city of Milwaukee for vears has 
had an Accident Prevention Committee 
composed of key representatives of the 
various operating departments. The 
field supervisor is the representative 
for the Bureau. This committee has 
done much to promote safety among 
city 
make it a point to instruct new men 
in the tools, to 
for defects, ete. 
pecially particular in the bracing and 


secure tools 


employ ees. Supervisory forces 


use of examine tools 


Supervisors are e@s- 


shoring of trenches and tunnel sections. 
Men are not permitted to work in the 
‘rat hole’ 
result of these precautions the usual 
accidents are of a minor nature. There 
due to cave- 


so-called sections. As a 


have been no accidents 


ins for many vears. 


Sewer Cleaning 
There are four sewer cleaning crews 


of three men each. One crew is using 
a pair of Champion 7.5-h.p. machines ; 
While two crews are using a pair of 
One 


crew has a pair of 3-h.p. Sewer Tur- 


Sewer Turbine 7.5-h.p. machines. 


bine machines. The smaller machines 


are used on the smaller sewers so as 
not to overload the motors. <All of the 
machines are proving — satisfactory. 
Ilowever, the level winding apparatus 
was removed from the Champion ma- 
substituted by a 
the Turbine 


also changed so to 


chines and loose 


pulley. The gearing on 
machines Was 
increase the cable speed from 33 to 90 
ft. per minute. Self-closing buckets are 
used in sizes from 6 in. to 18 in., made 
by the Champion Company. Some 
plain buckets or scoops have been made 
up to fit several different sizes of small 
egg-shaped sewers, and circular scoops 


have been made for sewers 21 in. di- 


ameter or larger. 
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Elm strips 4 in. by 2 in. and of 
varying lengths up to 10 or 12 ft. are 
used in getting the pilot cables through 
These strips are notehed 
at the ends and fastened together with 
They are quite flexible and can 
be readily shoved through the sewer. 
Any water in the sewer, of course, will 
cause the strips to float and facili- 
tates their use. If the normal flow in 
the sewer is not sufficient to float the 
strips it is an easy matter to connect 
a hose to the nearest hydrant and ob- 
tain the amount of water 
Jointed, wooden sewer rods about 1144 
in. square and in 3-ft. lengths are used 
When neither 
will work, a 
Flexible sewer rod is put through and 
the pilot cable pulled back when the 
rod is withdrawn. 

Sewers under busy streets or car 
night. When 
cleaning along car tracks, hand clean- 
ing rigs are employed, as these can be 
shoved aside more readily than the 
power machines in order to let street 


the sewer. 


wire. 


desired. 


for the same purpose. 


the elm strips or rods 


tracks are cleaned at 


Cars Pass. 


Flushing 
Four flushing crews of three men 
Each 
equipped with about 500 ft. of 21-in. 
hose, one &-in. and one 12-in. flushing 
wheelbarrow, 


each are maintained. crew. is 


bag, a manhole guards 


and various small tools. During the 
winter a stiff rubber coated hose is 
used, from which the water can be 


drained and which will not freeze up 
during cold. In the 
months discarded fire hose is employed, 
which is bought from the Fire Depart- 
ment for 10 cents a foot. One length 
of the rubber covered 
down the manhole and into the sewer 
because of handling. Hose 
bridges are made by a carpenter and 
consist of chamfered 3-in. planks fas- 
tened together with steel bands. Dis- 
carded rubber hose is cut up and 
nailed on the bottom of the planks 
and this prevents skidding of the hose 


severe Warmer 


hose is shoved 


ease of 
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bridge under impact of even heavy 
vehicles, provided they travel at mod- 
During 1947, 262 miles 
of sewers were flushed. 

All storm inlets are flushed onee a 
vear by these same crews. There is 
a considerable waste of time in coup- 
ling up hose to the nearest hydrant, 
setting the hose bridges, ete., only to 


erate speed, 


find that one good shot of water is all 
that is needed. The field supervisor 
is now studying the possibilities of 
using power flushers for this work. 


Catch Basin Cleaning 


Catch basins are cleaned once a year. 
This work is carried out by two catch 
basin cleaning crews, each consisting 
of a foreman and eight to ten men. 
Each crew has three or four Elgin 
eductors, a 144-ton truck, a wheelbar- 
row, a small centrifugal pump and 
various miscellaneous tools. Each edue- 
tor crew will clean an average of 
twenty catch basins per day. The 
truck and two men are used to clean, 
by hand, those basins which are inae- 
cessible to the eductors, and to finish 
cleaning those basins which cannot be 
properly cleaned by the  eductors. 
Each eductor crew carries a garden 
rake for removing sticks, branches, ete. 
They frequently find chunks of broken 
concrete or other material which can- 
not be removed either by the eductor 
or by the rake, and the extra cleaning 
is then taken care of by this manual 
cleaning gane. The eductors are over 
20 vears old and are in need of re- 
placement. It is hoped soon to  in- 
augurate a program of modern equip- 
ment replacements. 

The eductors operate about 8 months 
of the vear, which is about all that 
weather conditions will permit. Dur- 
ing the winter months the crews do 
hand cleaning of catch basins. 

Last vear 19,262 catch basins were 
cleaned by eductor and 5,099 by hand. 
Admitted'v hand cleaning is more ex- 
pensive . there will always be many 
catch basins that cannot be cleaned 
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with the present equipment. And, in- 
variably, either weather conditions or 
appropriations for equipment rental 
will interfere before the complete 
rounds can be made of all catch basin 
cleaning work. There are approxi- 
mately 25,000 catch basins and 15,000 
storm inlets. The inlets are taken care 
of, as previously mentioned, by the 
flushing crews. 

The foreman is furnished with blue 
line prints of quarter-sections showing 
the location of all catch basins and 
storm inlets. He returns these maps 
to headquarters showing the date of 
cleaning and notes as to the structural 
condition of the basins. 


Sewer Troublemen 

Each district has a sewer trouble- 
man who drives a pick-up truck. His 
duty is to investigate all complaints 
in his district. These complaints cover 
a wide range of subjects, from water 
standing in the gutter to a leaking 
kitchen faucet; from rats crawling out 
of plumbing fixtures to rubber balls 
lodged in downspouts. In most cases 
the Bureau of Sewers is not involved, 
but the troubleman will give the best 
advice of which he is capable. 

The up blocked 
sewers and catch basins, calling on the 
nearest labor gang for help. A trouble- 
man and two laborers are on duty 
every Saturday, Sunday and _ holiday 
to handle emergency calls and one of 
the troublemen is always subject to 
call by the City Hall night complaint 
clerk. 


During storms, 


troubleman opens 


when hundreds of 
complaints may come in, various fore- 
men and some of the better class la- 
borers are used on trouble shooting 
service. At such times the maximum 
number of crews are operated that 
can be provided with transportation. 
These forces stay on the job until every 
complaint has been investigated. In 
some instances this has taken as many 
as 36 hours of continuous operation. 
Troublemen are also employed dur- 
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ing slack periods with the delivery of 
small orders of materials for construe- 
tion crews and the moving of the flush- 
ing crews and brickmasons from job 
to job. They also answer complaints 
If the cover 
and frame are found to be in reason- 
ably good condition the cover is sealed 
in place with Hallemite, which has been 
giving us service. All flushing 
a small supply of this 


on loose manhole covers. 


crews Carrs 


compound, 


Sewer Inspection Crews 

There are two examining 
crews consisting of a foreman and two 
men These crews have trained 
personnel and special equipment, and 
have regular programs for examining 
structural conditions, 
amount of flow, depth of deposit, ete. 
Many sewers are flushed or cleaned in 
accordance with the information ob- 
tained from reports. When a 
street is to be repaved, an examining 
crew inspects the sewers, and the de- 
signers use their report to determine 
the necessity of rebuilding the sewer 
because of its structural condition. 

These crews are used for many types 
They examine all contract 
work, upon completion, and discover 
defects overlooked by the in- 
which could not be de- 
termined by the inspector 
They are used frequently in 
tracing out the point at which given 
house services and overflows are con- 
They check for 
highwater marks in manholes following 


sewer 


each. 


sewers as to 


these 


of work. 


many 
spector, or 
working 
alone. 


nected to the sewer, 


storms, and occasionally they make 


house to house determine 
the extent of backwater conditions. 
These valuable that 


their services are in constant demand 


surveys to 
crews are so 


by the construction forces, engineering 
division and also by district foremen. 
It is difficult to keep them at their 
primary task « 
a routine basis. 


f examining sewers on 


Examinations of the smaller sewers 
are made by means of flashlights and 
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mirrors. The crawl or walk 
through all sewers 30 in. in diameter 
or larger, flow conditions permitting, 
and occasionally crawl through 24-in. 
sewers. 

Each crew has a safety belt for use 
in deep manholes, rubber coats, hats 
and boots for ordinary work and rub- 
ber suits for very wet, dirty work. 
They also carry a Wolff safety lamp, 
aluminum ladders for use where man- 
hole steps are unsafe or missing, a 
small quantity of potassium permanga- 
number of 


mien 


nate, and a considerable 


small tools and supplies. 


Sewer Masons 

There are four sewer masons, each 
with two helpers, who work the year 
around. During the construction sea- 
when the new catch work 
required in connection with new paving 
is the heaviest, two or three more 
meson crews are added to build basins 
and to set basins and manhole frames 
to final grade. Because of past budget 
restrictions it has been 
impose on some of the more skilled 
laborers to do this work without extra 
This past summer, however, it 
was possible to obtain for three of the 
best men the regular sewer mason pay 
for a period of a few months. <A plan 
is now in development to pay four of 
the best men a rate $15 per month 
that of labor. These 
men will be used normally as leading 
In the rush 
seasons they will be used for setting 


son, basin 


necessary to 


pay. 


above common 


helpers to a sewer mason. 
basins to grade, 


thus relieving the regular masons for 
the more skilled work of building man- 


manholes and catch 


holes and catch basins. 

There are more brick repairs than 
can be handled with the four regular 
There 
are perhaps 25,000 catch basins and 
approximately 40,000 manholes, most 
of which are built of brick and many 
of which well as 
many, sewers 


masons during the off season. 


need repairs, as 
miles of brick 
Which need more and more repair work 


many 
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as they become older. 

At the present time the mason crews 
have only a small tool box, but a pro- 
gram is planned to equip all crews with 
a small combination tool wagon and 
shanty. 


Yards 


At the district yards there is a 
supply of special tools and equipment 
as needed, such as centrifugal pumps 
up to 4-in. discharge, 4-in. Pemberthy 
syphon pumps, three Homelite blowers 
operated by gas engines, two electri- 
cally operated blowers, three 1500- 
watt portable light plants, and a 
Cleaver Brooks oil-burning steamer for 
thawing out frozen cateh basins. There 
are small derricks and two hoists op- 
erated by compressed air and two op- 
erated by gas engines, also flumes of 
various sizes, rock drills, and cutting 
and welding equipment. In addition 
there are three Flexible sewer rod out- 
fits which are used in opening up 
blocked sewers, and Coleman rods for 
use in checking clogged house sewers. 

The clerical forces keep time and 
material records, order materials and 
equipment, keep a card index file of 
complaints by house numbers, type 
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the reports of the examining crews, 
tabulate the records of cleaning, flush- 
ing, ete. Ready-mix concrete, backfill 
gravel, brick and pipe are purchased 
on open order and may be secured as 
needed from the vendor, who delivers 
directly to the job. 

In all there are 160 people in the 
operation and repair division, which 
includes all classes from laborers and 
clerks on up to the field supervisor. 
Common laborers are known as ‘‘city 
laborers’’ and do sewer cleaning and 
flushing and catch basin cleaning. They 
receive a top pay of $140 per month, 
plus a cost of living bonus of $83.02 
per month. The laborers on construe- 
tion crews are called ‘‘sewer labor- 
ers’’ and receive a top pay of $150 per 
month, plus the cost of living bonus. 
Sewer examiners get $165 per month, 
their foreman and the troublemen get 
$180 per month, while the construction 
crew foremen receive $210 per month, 
all with the cost of living bonus in ad- 
dition. The highest, of course, is re- 


ceived by the field supervisor, who gets 


$350 per month and the bonus. The 
total budget for operation and repairs 
for 1948 amounted to $529,459, ap- 
proximately $480 per mile. 


DISCUSSION 


By Francis 8S. FRIEL 


President, Albright and Friel, Ine., Consulting Engineers, Philadelphia, Pa. 


Mr. Knapp has given an excellent 
outline of the scope of the organiza- 
tion, equipment and maintenance pro- 
cedures of the Milwaukee Bureau of 
Sewers. 

In Mr. Knapp’s remarks relating to 
sewer construction he reports that all 
house sewers from the main sewer to 
the building are the responsibility of 
the property owner and must be 
cleaned and maintained by him. This 
same practice prevails in the Phila- 
delphia area. Prior to the war, one 
suburban area outside of Philadelphia 


made house connections through con- 
tract, within the bed of the street, and 
charged the property owners a fixed 
sum for it. This practice has been 
stopped because of present labor con- 
ditions, and now property owners are 
required to engage their own contraet- 
ors who, in turn, must be bonded by 
the municipality. 

Reference is made to the practice 
in Milwaukee of using vitrified clay 
pipe for sewer lines up to 36 in. in 
diameter ; concrete pipe up to 66 in. in 
diameter and monolithic concrete strue- 
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tures with vitrified clay 


where needed. 


liner plates 
It is also interesting to 
observe that it is the policy in Mil- 
waukee to use concrete pipe for sani- 
tary and combined sewers in residen- 
tial and local business areas, and to use 
vitrified clay pipe in light manufactur- 
ing and industrial districts. This prae- 
tice is commended. 

Mr. Knapp does not mention 
difficulty experienced in locating man- 
Man- 
holes are often covered with new pav- 
ing or by grading of private property 
or regrading of roads, and instruments 


any 


holes or other sewer structures. 


to locate them are invaluable in time- 
saving. Magnetic dip needles are con- 
venient for shallow depths, while the 
**M-scope’’ is required for deeper cov- 
erage, 

The use of the examining 
crews for inspection of new construe- 


sewer 


tion and for periodic examination of 
The 


avainst excessive maintenance 


lines is good practice. best in- 
surane 
is a Well-designed and well-constructed 
sewer line. A small municipality in 
Pennsylvania installed a sewer system 
about 25 Vear's ago, The sewers were 
constructed 


proper inspection. 


lack of 
Since the original 
construction, more than twice the first 
cost has been spent by the town and by 
W.P.A. in attempting to repair the 
sewer lines. 


poorly due to a 


In some instances, a pipe 

manholes, located 
apart, was out of align- 
3 feet. 
the system leaked badly. 


two 
300 ft. 


as much as 


between 
than 
ment 


less 


In addition, 
The unsatis- 
factory conditions in this sanitary sew- 
er system have not been corrected and 
a large expenditure is still necessary to 
complete the rectification of the origi 
nal unsatisfactory work. Money spent 


for good engineering and inspection 


pays dividends on future maintenance. 


The disintegration of sewers, as in- 
the need for a 
72-in. sewer 


retreading 
Mr. 
Knapp’s paper, once again illustrates 
the need and justification for regula- 
tion of the disposal of industrial wastes, 


dicated by 


job on a noted in 
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character as 
well as the volume of the wastes to be 
handled. In some cities, surveys have 
been made to eliminate the discharge 
of industrial particularly 
strong acids, which might cause the 
disintegration of sewer lines. It is cer- 
tainly logical to require a particular 


taking into aecount the 


Wastes, 


industry to neutralize strong wastes 
prior to their discharge to a sewer 
system. 

The frequency of cleaning of a sewer 
line is dictated by the character of 
sewage, the flatness of the sewer grades, 
the condition of the pipes themselves 
and also possibly by weather and ¢li- 
matie conditions. No hard and fast 
rule can be applied as to the interval 
between the cleaning of a sewer. In 
Lower Merion Township, Pa., the sew- 
ers are flushed once a year. The con- 
ditions observed during the flushing 
period form the basis of a priority 
program. All free time 
of the maintenance crew is used in a 
142 
Six vears are required for 
A force 
with one truck and 
to-date cleaning equipment 


maintenance 
systematic cleaning of the miles 
of sewers. 
the complete coverage cycle. 
of four men up- 
does. the 
job. The superintendent reported re- 
cently that only three stoppage com- 
plaints have been received in five years. 

There are some instances where sew- 
ers have never been cleaned since they 
installed. On the other hand, 
certain sewers have clogged in a rela- 
tively short period of time due to the 


were 


evrowth of tree roots and other external 
causes, 

The use of a flexible steel type of 
sewer rod to clean sewers has proved 
advantageous in many places through- 
out the country. This type of equip- 
ment may be used to remove obstruc- 
tions which cannot be dislodged by a 
wooden rod. It is especially effective 
where fire plugs may not be available 
and when extra flushing water must be 
hauled to the work. There also is a 
safety factor involved in using flexible 
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steel rods, since the men are working 
above ground. 

The mechanical cleaning at Mil- 
waukee is apparently by the drag-line 
type of cleaner. This type of apparatus 
is effective but is inclined to cut tracks 
in deposits where flows are small. The 
water-driven turbine type will do its 
work well, but the writer does not be- 
lieve that this latter type of equipment 
is equal to the revolving spring-steel 
rod utilizing different kinds of cleaning 
or cutting heads, and the rubber cups 
for removing sand or other deposits 
when backed by a head of sewage. 

Flexible and machines 
were found to be valuable cleaners at 
Boston (American City, August, 1942). 
At Los Brown states that 
nearly one and one-half million feet 
of sewer lines are cleaned each 


sewer rods 


Angeles, 


vear 
with three machines, and the cost of 
upkeep and personnel was 314 cents 
per foot of sewer pipe cleaned. Mr. 


Brown states that each machine may 
be set up at 10 to 20 loeations a day 
and can clean from 1500 to 2500 ft. 
of sewer line daily (Water and Sewage 
Works, p. 249, 1947). 

Catch basins at 


Milwaukee are 
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cleaned once each year. This practice 
varies throughout the country. — In 
some places they are cleaned as often 
as once every 3 months, while in other 
instances the period of cleaning is ex- 
tended to about once in 3 vears, as in 
The eductor type of catch 
basin cleaning apparatus as mentioned 
for Milwaukee is effective, and 
reduces the unit cost for the removal 
of grit and other foreign material. 

In most municipalities, where the 
water works is owned by the city, there 
is no problem in securing water for 
flushing sewers, but where a private 
company water works, the 
problem differs materially. Again cit- 
ing the case of Lower Merion Town- 
ship, it is cheaper to use creek water for 
flushing than to purchase water from 
the private utility. The township, 
which has an area of 24 sq. mi., has a 
700-gal. tank mounted upon a 214-ton 
truck, and water is pumped to this 
tank from a series of creeks or taken 
from one of the twelve fire hydrants 
permitted to be used. The tank is 
equipped with a quick-opening valve, 
and the contents are discharged rapidly 
to a manhole for flushing. 


Boston. 


most 


owns the 


SEWER SERVICE CHARGES 


In pointing out that sewer service 
charges must be based not only on 
use of the sewers, but also on ‘‘readi- 
Henry W. Taylor, New 
York City consulting engineer, com- 
pares the latter factor with the fire 
protection charge used in water rates. 


°9 
ness to use, 


Mr. Taylor’s discussion, presented at 
a recent meeting of the New York-New 
Jersey Chapter of the American Pub- 


lie Works Association, lists certain for- 
mulas used to determine an equitable 
charge for industrial wastes and tabu- 
lates the sewer service charges in use 
throughout the New York area. 

Mimeographed copies of the 27-page 
paper are available at a cost of $0.50 
from W. S. Foster, Seeretary, ¢/o 
American City Magazine, 470 Fourth 
Avenue, New York 16, N. Y. 
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COLIFORM DEATH RATES RESULTING FROM 
CHLORINATION OF RAW SEWAGE 


By H. A. WycKkorr 


Head, De partment of Public Health Engineering, and Research Associate, 


Station, Georgia Institute 
The use of chlorine in the treatment 
of sewage has been under study for 
over 30 years, and the value of such 
chlorine usage for certain specified ob- 
jectives has long been well established. 
The work of Mohlman (1) in 1929 and 
Baity (2) in 1933 showed the effective- 
ness of chlorine on the reduction of 
B.O.D., and many subsequent reports 
have confirmed early studies. 
Svmons (3) has shown the effective- 
ness of chlorine in reducing the coli- 
form content of streams receiving sew- 
4) has indicated the 
value of chlorination in the control of 
odor and septicity. Numerous reports 
have been made on various other uses 
of chlorine in sewage treatment, such 
removal, control 
bulking, ete. As Faber 
‘Chlorination is represented sew- 
literature mainly by 
operation and by operating results.”’ 
In additional data 
on the rate of bacterial (coliform) kill 
in plant-scale chlorination of raw sew- 


these 


age, while Rawn 


as crease of sludge 


(5) states: 


ave on 


reports 


order to obtain 


age at varving chlorine residuals and 
for various contact periods, a research 
project was initiated. This paper re- 
ports the results obtained. 


Experimental Procedure 

The Egan sewage treatment plant of 
Atlanta, was employed in 
these experiments. This plant in- 
cludes rectangular primary settling 
rotary trickling filters, 
settling basins, separate 
digestion tanks, and open sludge 
beds. The entering 
plant almost do- 


Georgia, 


basins, type 
secondary 
sludge 
sewage 


completely 


drying 


this IS 


Technology, 


State Enainee ring 


Atlanta, Ga. 


considerable 
storm water also enters during periods 
of heavy rain, testing was avoided at 
such times. The characteristics of the 
sewage, determined on samples 
taken at the time the experiments were 
made, are shown in Table TI. 


mestic Since 


sewaze., 


as 


TABLE I.--Characteristics of Raw 
Sewage as Determined from 
Samples Taken at Time of 
Individual Runs 


Sus- 
pended 
Solids 

p.p.m 


j 
| 
Chlorine] 
Demand 
p.p.m.) 


pH B.O.D M.P.N 
p.p.m 


255 230,000 


Minimum | 6.8 


506 9,500,000 


Maximum | 7.6 


Mean 404 2,130,000 


In preparation for the tests, a Wal- 
lace & Tiernan in- 
stalled beside the 
chlorine behind 
the bar screen and immediately in 
front of the Parshall flume. Before 
each run, the chlorinator was set to de- 
liver the dosage desired for that par- 
ticular run. entering sewage 
the Parshall flume, went 
through 15 ft. of conduit to a square 
manhole where it made a right-angle 
turn, and then passed through 15 ft. 
of conduit to a flume where it divided 
and entered the settling basins. This 
passage consumed about 0.5 minute of 
time, which proved sufficient for ade- 
quate mixing of the chlorine with the 


sewage. 


chlorinator 
the bar 
the 


Was 
screen, 


entering sewage 


passed 


A sample of the chlorinated sewage 
was caught just before it entered the 
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. 
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Ae 
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primary settling basin and was distrib- 
uted in five sterile sample bottles la- 
beled, respectively, ‘‘1-minute,’’ ‘‘5- 
minute,’’ ‘‘15-minute,’’ ‘‘30-minute,’’ 
and ‘‘60-minute.’’ At this same time, 
a sample of the raw sewage was taken 
just behind the bar screen and ahead of 
the chlorine entrance. The chlorine re- 
sidual was then determined immedi- 
ately on the ‘‘1-minute’’ bottle, and 
sterile sodium thiosulfate solution was 
added to dechlorinate. This was indi- 
cated as the ‘‘1-minute’’ sample. At 
the end of five minutes, the residual 
was determined on the ‘‘5-minute’’ 
bottle, and the sample dechlorinated. 
At the end of the respective contact 


TABLE II. 
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periods, the other bottles were simi- 
larly treated. All six samples were 
then carried through serial dilutions, 
planted in lactose tubes, and the Most 
Probable Number per ml. (M.P.N.) 
(presumptive) determined. The pH 
and the chlorine demand (10-minute) 
were determined on the unchlorinated 
sample, and B.O.D. and suspended 
solids were determined on occasional 
samples. 

All determinations were made ac- 
cording to Standard Methods for the 
Eramination of Water and Sewage 
(10). In determining the chlorine 
residuals, the ortho-tolidine test with 
Hellige comparators was used. 


Typical Data Collected During Individual Experiments 


Experiment No. 4 
Sewage flow 800,000 g.p.d.; pH (raw) 7.2; chlorine demand 8.9 


Contact Period Raw 1 min. | 5 min. 15 min. 30 min. | 60 min. 
flash | 0.2 0.1 0.1 0.05 | >0.05 
Residual | max. ~ 0.3 0.15 0.1 0.1 >0.05 
5-min. | | 0.05 | 0.05 0.05 0.0 0.0 
M.P.N. per ml. 2,400,000 | 2,400,000 | 240 240 24 62 
Experiment No, 25 
Sewage flow 950,000 g.p.d.; pH (raw) 7.2; chlorine demand 6.0 
Contact Period Raw 1 min. 5 min. 15 min. 30 min. 60 min. 
| flash 03 0.2 0.15 0.2 0.1 
Residual | max. | 0.9 0.9 0.2 0.2 0.1 
5-min. 0.8 0.8 0.15 0.15 0.0 
M.P.N. per ml. 620,000 | 1,300 1,300 2,400 2,400 620 
Experiment No. 40 
Sewage flow 1,100,000 g.p.d.; pH (raw) 7.0; chlorine demand 4.8 
Contact Period Raw | 1 min 5 min. 15 min. 30 min. 60 min. 
flash | 03 | OB 
Residual | max. 5.0 } 4.0 3.0 2.0 1.8 
(p.p.m.) | — — 
5-min. 5.0 3.0 2.0 2.0 1.8 
M.P.N. per ml. 230,000 23,000 230 230 230 | 230 
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TABLE III (a)..-M.P.N. per ml. After Various Contact Periods When 
Chlorine Residuals were >0.0 and <0.5 p.p.m. 


Raw 1 min > min 15 min 30 min 60 min. 


2 620,000 2,400,000 620 2,400 62 
3 2,000,000 5,000,000 230 1,300 240 62 
54: 1 2,400,000 2,400,000 240 240 24 62 
6 230,000 62,000 130 240 620 23 
8 5,000,000 2,300,000 6,200 2,300 240,000 24,000 
10 6,200,000 6,200,000 2,400 2,100 620 620 
11 9,500,000 13,000,000 700,000 6,200 6,200 2,300 
12 2,490,000 60,000 62 130 280 750 
13 6,200,000 2,400,000 240,000 1,300 2,100 4,300 
14 620,000 2,400,000 620 130 230 2,300 
15 620,000 16,000 620 620 500 1,300 
17 2,400,000 2,400,000 130,000 620 240 2,100 
18 2,300,000 2,300,000 2,300,000 95,000 6,200 620 
13 6,200,000 230,000 6,200 2,300 6,200 2,300 


Mean 3,350,000 2,770,000 240,000 8,200 IS,840 2,910 
Median 2,400,000 2,400,000 1,500 1,300 560 2,000 
Kall (% 0 99.9 990.9 99.9 


TABLE III (b)..- M.P.N. per ml. After Various Contact Periods When 
Chlorine Residuals were >0.49 and <1.0 p.p.m. 


Raw min > min 15 min 40 roan 60 min 


2,400,000 620,000 230 23 23 62 
5,000,000 620,000 120 620 50 


7 2,100,000 2,400,000 120 230 23 23 
9 6,200,000 23,000 60 13 2 62 
19 7,000,000 200,000 94,000 94,000 24,000 70,000 
25 620,000 1,300 1,300 2,400 2,400 620 
17 620,000 230,000 62,000 13,000 2,300 
5 2,400,000 23,000 6,200 2.300 950 


Mean 3,290,000 523,000 14,000 20,000 5,200 9,300 
Median 2,400,000 230,000 230 1,500 1,400 620 
Kill (% O04 99.9 99.9 99.9 99.9 


TABLE III (c).._M.P.N. per ml. After Various Contact Periods When 
Chlorine Residuals were 0.99 and <2.0 p.p.m. 


Exp. No Raw 1 min > min 15 min 30 main 60 min 


26 620,000 620 1,300 240 230 620 ~ 


36 620,000 130,000 2,300 6,200 600 6,200 
37 2,400,000 230,000 2,300 2,300 1,300 24,000 
16 1,200,000 230,000 60 620 230 


Mean 200,000 147,000 1,900 2,200 690 7,700 
Median 900,000 180,000 2,300 1,400 600 2,000 
Kill (% - 80.0 99.7 V9.8 99.9 99.8 
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Discussion mum, and 5-minute color intensities 

Table IL contains samples of data Were recorded in the determinations of 
collected during individual runs, and the chlorine residual. As_ indicated 
these data are reassembled in groups, in Table II, the flash intensity was 
according to the initial chlorine resid- consistently less than 1 p.p.m., values 
ual ranges, in Table IIT. Flash, maxi- gradually building up to a maximum 


TABLE III (d).—-M.P.N. per ml. After Various Contact Periods When 
Chlorine Residuals were >1.99 and <3.0 p.p.m. 


Exp. No. ‘ | 1 min. | 5 min, 15 min. | 30 min. 


29 620,000 | j 240 
30 6,200,000 2 240 
31 2,300,000 240,000 ‘ 62 
14 500,000 | 23,000 23,000 
53 620,000 2,300 2 230 


Mean 2,050,000 54,000 1,700 
Median 620,000 6,200 22 240 
Kill (%) 99.0 Of 99.9 


TABLE III (e)..-M.P.N. per ml. After Various Contact Periods When 
Chlorine Residuals were >2.99 and <4.0 p.p.m. 


Exp. No Raw 1 min, 5 min. 15 min. 30 min. | 60 min. 


21 1,300,000 | 6,200 2,400 
23 500,000 | 6,200,000 ‘ 240 
32 1,300,000 23,000 23,000 230 
34 230,000 62,000 6,200 | 1,300 
39 620,000 23,000 | 1,300 | 6,200 
50 620,000 | 12,000 | 230 230 
Mean 760,000 | 155,000) | 1,800 
Median 620,000 23,000 | 750 
Kill (%) . 96.3 99.8 


TABLE III (f).._M.P.N. per ml. After Various Contact Periods When 
Chlorine Residuals were >3.99 and <5.0 p.p.m. 


Raw 1 min. | 5 min. 15 min | 30 min. 60 min. 


620,000 700 
6,200,000 ‘ 62 
2,400,000 | 62,000 ‘ 6,200 
620,000 62,000 | 60 
230,000 | 4,600 | 620 
620.000 | | 620 
500,000 2,300 | 62 


Mean 1,600,000 22,000 | 1,200 
Median | 620,000 3,500 | i) | . 620 


Kill (%) 


99.4 99.¢ | 99. 99.9 


ay) 
Vol. 21, No. 3 
A 
| 60 min. 
23 | 62 
24 62 
240 24 
2,300 13,000 
60 130 
530 | 2,600 
60 | 60 
| 999 | 99.9 
| 
13 23 
| 70 | 13 oe 
62 240 
| 2,400 6,200 
620 62 
23 62 
| 
: 550 1,100 
| 70 60 
999 | 99.9 
| 
22 
: 33 | 
35 
2° 
15 
Py 48 
| 
| 
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TABLE III (g).-M.P.N. per ml. After Various Contact Periods When 


Chlorine Residuals were >4.99 and <6.5 p.p.m. 


Raw 1 min 5 min 15 min 30 min 60 min 


230,000 230 
2,400,000 

230,000 

19 620,000 


23,000 
62,000 

6,200 
23,000 


230 230 230 
2,300 230 620 620 
620 2,400 230 230 
210 230 6 6 


Mean 
Median 
Kill (%) 


870,000 
$25,000 


28,500 850 
23,000 $25 
94.6 99.9 


750 
230 
99.9 


270 
230 
99.9 


intensity, Which was reached in about 
} minutes, then subsiding somewhat to 
the 5-minute intensity. In Table ITT, 
the maximum intensity is recorded as 
the chlorine residual. 

Rudolfs (6) has called attention to 
the ‘‘instantaneous’’ high bacterial 
kill when only 20, 40, and 50 per cent 
of the initial chlorine demand of the 
satisfied. In experi- 
ments, When the initial residual ranged 
between 0.0 and 0.5 p.p.m., the medial 
bacterial reduction in one minute was 
insignificant ; when the ini- 
tial residual was greater than 0.5 and 
less than 2.0 p.p.m., an 80 to 90> per 


sewage Is these 


however, 


cent kill was accomplished within one 
minute. The median kill in the vari- 
residual indicated in 
Table LI, exceeded 99 per cent in all 


OUS ranges, as 


cases after 5 minutes of contact time, 
and after only one minute in runs 
p.p.-m. 
numbers continued to 
crease through the 15-minute and 30- 
minute periods of contact, but there 


made with over 2.0 residual. 


Survival de- 


Was no significant decrease in survival 
numbers in the last 30 minutes of the 
60-minute 
jority of 


contact period. In a ma- 
the the M.P.N. re- 
mained the same as for the 30-minute 


tests, 


period, or actually increased, in spite 
of the fact that there was usually a 
definite residual at the end of 60 min- 
utes. It seems sienificant that 
there was a definite increase in the bac- 
terial death rate within the first 
ute of chlorine contact accompanying 


while 


min- 


residuals, the in- 
crease in death rate after one minute 
of contact accompanying 
chlorine residuals was quite small. 
The relatively slight increase in the 
bacterial killing power resulting from 
fairly large increases in the chlorine 
residuals of the sewage is in agreement 
with the theoretical concept of chlorine 
disinfection held by Schmelkes (7). 
This states that the rate of 
bacterial death from chlorine, or those 
of its derivatives which are oxidants, 
will be dependent upon the oxidation 
potential of the solution in which the 
bacteria are suspended. In 


increasing chlorine 


increasing 


concept 


raw sew- 
ave, there is a high concentration of 
reductant) in 
the 

equation 


ammonia relation to 
the concentration of 

(oxidant). From the 
calculating the potential 
from the ratio of the 
of the oxidant and the reductant, 
E=E,-—loge (NH, HOCI/NH.Cl), 
it is evident that changes in the chlo- 
ramine concentration from 0.05 to 6.0 
p.p.m (0.01 to 0.2) milli-equivalents) 
will cause very little change in the po- 


chloramine 
for 
developed 
concentrations 


tential developed in the presence of 


28.0) p.p.m 
ammonia 


monia 


(2.0 milli-equivalents) of 
(the average original am- 
content of the sewage).  Ex- 
perimental evidence that the change in 
potential with 
chloramine concentrations is not large, 


developed increasing 
is shown by Moore, Megregian, and 
Ruchhoft (8) and has been confirmed 


in this laboratory. It is also evident 


188 3 

=. 
275 
230 
90.9 
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that, with ammonia as the reductant, 
the chloramine-to-ammonia ratio is al- 
Ways greater than one under the con- 


ditions of this work, and that the 
chlorine-sewage solution will never 


quite attain the £, in the equation for 
the ammonia-chloramine system. 

In view of the complex nature of 
sewage, it is quite probable that there 
may be present reducing substances 
other than ammonia, such as proteins 
and their derivatives, whose oxidation 
potential svstems will have a lower EF, 
(that is, a higher reducing potential) 
than the chloramine-ammonia system. 
Hlowever, compared with the amount 
of ammonia present, the proteins are 
present very low concentrations. 
The lower E, of the chloroprotein 
would be indicated by a slower rate of 
color development from the chloropro- 
tein-ortho-tolidine system than from 
the chloramine-ortho-tolidine system. 

The rate of color development noted 
with the higher chlorine residuals indi- 
cates the presence of a chlorine com- 
pound, such as chloramine, having an 
oxidation potential slightly higher 
than that of ortho-tolidine. The re- 
duction of the color intensity after 
several minutes of contact the 
chlorine residual values indi- 
cates that a small amount of oxidizable 
substances remains in the chlorinated 
sewage, even after a 30- to 60-minute 
contact period. The oxidizable sub- 
stances remaining were evidently not 
oxidized by the chloramine at the pH 
of the sewage-chlorine (chloramine) 
solution, but were oxidized by the 
chlorine because of the higher oxida- 
tion potential of the chlorine in the so- 
lution at the lower pH induced by the 
addition of the ortho-tolidine reagent. 

In order to increase materially the 
rate of bacterial kill in sewage, it 
would be necessary, according to the 
oxidation-potential concept of  disin- 
fection, either to increase very greatly 
the chloramine concentration or to use 
a system with a higher £, at the same 
chlorine residual. In water treat- 


lower 
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ment, this latter method is accom- 
plished by chlorination to a residual 
value beyond the breakpoint. How- 
ever, since breakpoint values for sew- 
age require extremely large amounts 
of chlorine (9), it is not likely that 
breakpoint chlorination of raw sewage 
will be practiced. No doubt there 
would be a continuing higher rate of 
bacterial kill as the chloramine concen- 
tration is increased appreciably above 
6 p.p.m. (the highest concentration 
used in these experiments), since the 
system will still be approaching an 
equivalent concentration of the oxi- 
dant (chloramine) and the reductant 
(ammonia). However, it would also 
be anticipated that the ratio of increase 
in kill will continue low in proportion 
to the increase in residual. 


Summary 


The numbers of coliform organisms 
surviving in raw sewage after expos- 
ure to chlorine residuals from 0.05 to 
6.0 p.p.m. for chlorine contact periods 
of 1, 5, 15, 30, and 60 minutes were de- 
termined. When the initial chlorine 
residual was less than 0.5 p.p.m., the 
medial bacterial kill in one minute was 
not significant. Ilowever, when the 
initial chlorine residual was ereater 
than 0.5 p.p.m., the medial bacterial 
kill after one minute’s chlorine contact 
was 80 per cent or greater, increasing 
with the increase in chlorine residual. 
After 5 minutes of chlorine contact the 
bacterial kill reached a median of over 
99 per cent in all 
ranges tested. 

While the survival numbers de- 
ereased during 15 and 30 minutes of 
chlorine contact, the decrease was not 
great, and there was no significant de- 
crease after 30 minutes. After one 
minute of chlorine contact, the increase 
in bacterial kill, in relation to the in- 
crease in chlorine residual, was insig- 
nificant. These results seem to be in 
agreement with the oxidation-poten- 
tial concept of chlorine disinfection. 


chlorine-residual 


ree 
Cy 
Oe 
3 
: 
Ang 
4 
} 
| 
| 
| 
| 
: 
te 
‘ 
: 
: 
pint 


SEWAGE 


Acknowledgments 

The author acknowledges with ap- 
preciation the cooperation of Mr. 
Clark Donaldson, Chief of Construe- 
tion, city of Atlanta, and Mr. M. B. 
Nixon, Eneineer of Sewers. city of At- 
lanta, in making the Egan treatment 
plant available for these experiments. 
Special mention should also be made 


WORKS JOURNAL 


May, 1949 


R. S. 
Research Associate Professor of Chem- 
istry, Georgia Institute of Technology. 
The financial assistance of the Wallace 
and Tiernan Company, which made 
this work possible, is gratefully ap- 
preciated. The chlorine this 
work was furnished gratis by the Pitts- 
burgh Plate Glass Company. 


of the assistance of Dr. Ingols, 


used in 


References 


Mohlman, W. L., 
hoft, C., 
age and 
Teras Water 

1929 

Merry field, F., 

Effects of 

Upon the Receiving Stream.’’ 

JOURNAL, 5, 3, 429 (May, 1933 

Velzy, C. R., and Johnson, 
J. W., ‘* Third Year of Sewage Treat 
ment Operation at Buffalo, N. 
Public Works, 73, 1, 27 (1942 

Rawn, A. M., Flows and Com 
position Affecting Treatment.’’ Tits 
JOURNAL, 18, 1, 66 (January, 1941 

Faber, H, A., ** The Chlorination of Sew 
age and Industrial Waste.’’ THis 
JOURNAL, 16, 2, 211 (Mareh, 1942). 

Rudolfs, W., Ziemba, J., and Gehm, H. 
W., Effect of Chlorine Dosage Upon 


Hurwitz, E., and Rueh 
‘*The Chlorination of Sew 
Effluents.’’ Proc. Eleventh 
Works Short School 

(January, 
Baity, H. G., 


> 
Ri, some 


and Uzzle, A. 
Chlorination 


>» Symons, G, 


** Sewage 


the Percentage Reduction of B. coli.’’ 
THis JOURNAL, 6, 6, 1094 (November, 
1934 
Schmelkes, F. Cc. 
Concept of 
Water 


Oxidation Potential 
Chlorination.’ 
Works 


Jour. 
Amer, Assoc., 25, 695 
(1933 
Moore, W. A., 
nets, 
of the Ammonia-Chlorine Treatment of 
Water.’’ Amer. Water Works 
Assoc., 35, 10, 1329 (1943 

. Griffin, A. E., and Chamberlain, N. S., 
wi Exploring the Effect of Heavy 
Doses of Chlorine in Sewage.’’ THis 
JOURNAL, 17, 4, 730 (July, 1945). 

. Standards Methods for the 


of Water 


Ruch 
**Some Chemical Aspects 


Megregian, S., and 


Jour. 


E.vramination 
Sth Edition. 


Association, 


and Sewage, 
American Publie Health 
New York, N. Y. (1936). 


INVENTORY OF SANITATION FACILITIES 


More than 900 copies of the recently- 


published Inventory of Water and 
Sewage Facilities in the United States 
have already been distributed to State 
health departments and other publie 
and private organizations interested in 
environmental sanitation, according to 
Assistant Surgeon General Mark D. 
Hollis, Chief of Engineering Activi- 
ties, U.S. Public Health Service. 

The new publication, which is the 
first comprehensive listing of commnu- 
nities and their sanitary facilities 
made available in this country, lists 
all incorporated places of over 100 
population and all unincorporated 
communities of over 500 population. 
Therefore, it also furnishes current in- 


formation on basic needs in the sanita- 
tion field. 

The Inventory was prepared by the 
staff of the Publie Health Service En- 
vironmental Health Center (formerly 
Water and Sanitation Investigations 
Station) at Cincinnati, Ohio, in 
operation with Sanitary Engineering 
Divisions of the States. It includes 
details on sources of water, type of 
water treatment plant. methods of 
treating sewage (or lack of such treat- 
ment), and sewerage facilities for each 
community listed. 

Copies of the Inventory may be ob- 
tained on request from the Officer in 
Charge, Environmental Health Center, 
Public Health Service, 1016 Broad- 
way, Cineinnati 2, Ohio. 
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Industrial Wastes 


COMPRESSED YEAST WASTES TREATMENT.* 
IV. Trickling Filter Studies 


By Wittem Rupoirs AND EvGene H. Trupnick 


The trickling filter process has been 
applied with varying degrees of sue- 
cess to the treatment of several differ- 
ent types of industrial wastes. Milk 
wastes (1) have been treated by this 
method, with B.O.D. removals as high 
as 90 per cent by a high-rate recireu- 
lating filter treating 16 m.g.a.d. of 
waste containing 500 p.p.m. raw B.O.D. 
In pilot plant studies (2), it has been 
found that in the treatment of straw- 
board wastes containing 475 to 1110 
p-pam. B.O.D., removals of 58 to 77 
per cent were effected with loadings of 
720 to 2900 Ib. B.O.D. per acre-ft. per 
day. Jensen (3), working with waste 
waters from a yeast plant, has used 
trickling filters as secondary treatment 
for a liquid effluent previously treated 
by anaerobic digestion and intermedi- 
ate ponding. Material entering the 
filters had a B.O.D. of 330 p.p.m., and 
a 70 per cent B.O.D. removal was ob- 
tained. Probably on account of the 
relatively low loadings, 380 to 60 per 
cent of the ammonia nitrogen in the 
influent was nitrified, resulting in efflu- 
ents containing 200 to 400 p.p.m. ni- 
trate nitrogen. An additional 20 per 
cent of the ammonia was lost and could 
not be accounted for as nitrite or mi- 
trate. 

The authors, in a previous paper of 
this series (4), reported on investiga- 
tions with a small-scale laboratory 
filter. In those investigations the rate 

* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station, Rutgers 
University, Department of Sanitation, New 
Brunswick, N. J. 
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of flow was kept constant at 1 m.¢.a.d. 
Loadings of 250 to.550 Ib. B.O.D. 
per acre-ft. per day, representing raw 
B.O.D. values of 250 to 400° p.p.m., 
resulted in 80 to 87 per cent B.O.D. 
removal and produced effluents contain- 
ing 34 to 62 p.p.m. B.O.D. Slightly 
higher loadings of 600 to 734 p.p.m. 
resulted in 50 to 60 per cent removals, 
producing effluents containing 300 
p._p.m. B.O.D. Ammonia removal de- 
creased steadily with increasing load- 
ing, from 85 per cent removal at a 
280-lb. loading to 32 per cent at a 
602-Ib. loading; nitrate content of the 
effluent was 37 to 83 p.p.m. 


Description of Equipment 

In order to study filter performance 
at higher loadings than could be 
achieved with the small seale labora- 
tory filter, to obtain information re- 
garding various methods of operation 
including shock loading and short du- 
ration of rest periods, to study various 
aspects of effluent recirculation as well 
as to compare large scale operation 
with laboratory experiments, investi- 
vations on the treatment of wastes from 
the manufacture of compressed yeast 
by trickling filters were conducted on 
a pilot plant scale. 

The pilot plant consisted of two 
circular filters, each 15 ft. in diameter 
and 4 ft. deep, filled with crushed rock 
(passing through a 214-in. screen and 
retained on 1-in.) underlaid with horse- 
shoe tile. Measured flows were fed to 
the filters through rotating arms, either 
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FIGURE 1.—Pilot trickling filters at Anheuser-Busch Yeast Plant, Old Bridge, N. J. 


directly from a holding tank as raw 
spent nutrient and wash water or from 
an intermediate settling tank as di- 
vester effluent, or as mixtures of wash 
water and digester effluent. The filter 
effluent flowed by gravity to a sump 
from which it could be pumped either 
to recirculation or to a final settling 
tank for discharge to the sewer. Pro- 
visions were included for the introdue- 
tion of measured flows of dilution wa- 
ter. Piping was arranged for maxi- 
mum flexibility, so that by means of 
valves, flows could be directed to the 
iwo filters in series or in parallel; and, 
when in series, in either sequence. <A 
view of the filters and 
equipment is shown in Figure 1. 


recirculation 


Comparison of Flow Plans 


A comparison was made of various 
flow plans within the application range 


of 300 to 
acre-ft. per day. 


2800 Ib. raw B.O.D. per 
The flow plans used 
were as follows: 


(a) Series, no recirculation. 

(b) Series, 1:1 recirculation ; volume 
equivalent to raw flow returned from 
secondary effluent to primary influent. 

(¢) Series with secondary recireula- 
tion; volume equivalent to raw flow 
returned from effluent to 
secondary influent. 


secondary 


(d) Series with split recirculation ; 
volume equivalent to raw flow returned 
from effluent to secondary 
influent, and equal flow returned from 
secondary effluent to primary influent. 

(e) Series with multiple recireula- 
tion; volume equivalent to raw flow re- 
turned from secondary effluent to sec- 
ondary influent, 50 per cent of flow 
from secondary effluent to primary in- 
fluent, 50 per cent from primary efflu- 
ent to primary influent. 


3 TO SEWER 


2nd STAGE SETTLING 


(St STAGE T 
FILTER FILTER TANK 


3 SCHEME A SERIES 
100% 


B SERIES WITH RECIRCULATION 


100% 
C SERIES WITH SECONDARY RECIRCULATION 


0% 
D. SERIES WITH SPLIT RECIRCULATION 


E. SERIES WITH MULTIPLE RECIRCULATION 


FIGURE 2.—Flow sheets, trickling filter 
studies. 
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These flows are diagrammatically il- 
lustrated in Figure 2. 

The results obtained with relatively 
low loadings, using various methods of 
filtration recirculation, when 
plotted on the basis of pounds B.O.D. 
upplied per acre-foot per day (Figure 
3), show an over-all average of ap- 
proximately 50 per cent B.O.D. redue- 
tion, irrespective of the loading. How- 
ever, it appears that with inereas- 
ing complexity of filtration and re- 
circulation the amount of work done 
by the filters decreased. For instance, 
if the results obtained by series opera- 
tion with multiple recirculation 
(Scheme E) are compared with series 
operation and simple recirculation 
(Scheme B), the B.O.D. reductions at 
loadings of 1000 Ib. per aere-ft. were, 
respectively, about 30 and 50 per cent. 
The results indicate further that the 
various forms of recirculation allowed 
no higher loadings or produced no 
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better purification than simple two- 
stage filtration without recirculation. 
The results presented are not strictly 
comparable, because the possible effects 
of seasonal variations have been neg- 
lected. 


Effect of Recirculation 
The effect of recirculation, using raw 
wash waters at a higher rate of B.O.D. 
loadings, is indicated in Table I. The 
B.O.D. applied with recirculation in- 
cludes the weight of the B.O.D. in the 
recirculated water. It appears from 


these figures that recirculation does 
not improve results. This is more 


clearly shown in Figure 4, where the 
pounds B.O.D. removed are plotted 
against the loadings. It may be argued 
that the inclusion of the B.O.D. of the 
recirculated water places this method 
at a disadvantage, because the so-called 
easily oxidizable material in the raw 
wastes would be removed by the filtra- 


1.50 
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7 


0.50 


BOO REMOVED IOOOLBS /AFD 


025 


0 os 10 


1s 20 25 3.0 


RAW 8.0.0 APPLIED —- 1000 LBS / AFD 


FIGURE 3.—Comparison of results obtained by various methods of filtration 
and recirculation. 
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TABLE I.-—-Effect of Recirculation on Treatment of Raw Wash Waters 


No Recirculation 


B.O.D. Removed 
B.O.D. Applied 


da.) 


Lb./A.-F./D. Per Cent 


2% 1270 45 
4450 2900 
7040 3560 
8790 5440 
5770 3290 


a 


if 
NO RECIRCULATION 


BOD. REMOVED- LBS /AFD 


2 4 6 8 
RAW B.0 0 APPLIED - 1000 LBS /A.FD 


FIGURE 4.-—Effect of recirculation on 
trickling filter treatment of raw wash 
water. 


tion without recirculation and the less 
readily oxidizable material would be 
a part of the load on the filters when 
recirculation Was practiced. Moreover, 
the results of B.O.D. removal without 


Recirculation 1:1 


B.O.D. Applied 
(lb. 


a.-f./d.) 


Per Cent 


1670 58 
3830 17 
6930 33 
9040 28 
5380 36 


recirculation appeared to be more er- 
ratic than those with recirculation. 

similar comparison, using mix- 
tures of anaerobically digested spent 
nutrients and 
the raw as 
loadings in 


waters, showing 
the total B.O.D. 
pounds per acre-foot, is 
Table If. With raw B.O.D. 
loadings of up to 8000 Ib. per acre-ft. 
per day, the quantity of B.O.D. re- 
moved was the same whether the ma- 
terial was recirculated or not. At 8000 
lb. B.O.D. of raw digester effluent ap- 
plied the total loading including re- 
circulation was 12,000 Ib. per acre-foot. 
Beyond this the filters re- 
ceiving recirculated water deteriorated 
more rapidly than the filters without 
recirculation, with the result that the 


Wash 
well as 


viven in 


loading 


TABLE II.—Effect of Recirculation on Filtration of Digester Effluent 


No Recirculation 


3.0.D. Removal 
Raw B.O.D. Removal Raw B.O.D 


Applied —-— Applied 
»./a.-f./d.) Ib. /a.-f./d.) 


lt 

390 19 

2,820 Ht 
5,860 
7,250 
7,630 
8,610 
9,060 
9,520 
10,360 
11,490 
12,900 
13,000 
Av. 8,240 


340 
500 
590 
950 
1,310 
2,230 
2,260 
4,170 
6,930 
8,190 
9.040 
10,770 
3,110 


Recirculation 1:1 


B.G.D. Remo 
Potal 


Potal Removal 


Ib. 


500 38 

740 

900 27 
1,430 
1,970 
3,350 
3,400 
6,250 
10,400 
12,290 
13,600 
16,150 
5,920 


“a | | B.O.D. Removed 
AN 
Q 
/ 
J 
{ 
Lb/A-F./D. | Per Cent) 
200 58 
260 14 
4 720 55 
870 39 : 
920 
2,100 50 
2,920 13 
3,690 15 
9 9 
2,980 28 
2,350 22 
1,445 46 
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amount of work done (B.O.D. removed ) 
became less, whereas the amount of 
work done by the filters without. re- 
circulation increased. The percentage 
removal based upon the total loading 
with recirculation was lower over the 
entire range of loadings as compared 
to the percentage B.O.D. reduction ac- 
complished without recirculation. The 
recirculation ratios remained constant 
over the entire range, but the volume 
loadings varied with and without re- 
circulation. Trrespective of recircula- 
tion it appears that the percentage 
B.O.D. reduction gradually decreases 
with increased loadings until the load- 
ing becomes so high that a sudden 
breakdown occurs. This tendency is 
illustrated in Figure 5, where the per- 


80 


60 


e 
40 


20 


NO RECIRGULATION 
RECIRCULATION 


% RAW B.OD. REMOVED 
e 


@o 


4 8 12 16 
LOADING — 1000 LBS. /A.F.D. 


FIGURE 5.—Effect of total loading on 
percentage B.O.D. reduction. 


centage of raw B.O.D. removed is 
plotted against total B.O.D. applied. 
The total loading allowable with the 
material treated appears to be approxi- 
mately 12,000 Ib. B.O.D. per acre-foot. 


Effect of Rate of Flow and Surface 
Applications 


Within the relatively low limits of 
surface application for high-rate filters 
of O.8 to 6.8 m.g.a.d. significant 
variations were observed in per- 
centage B.O.D. removal. It appears 
that the increase in load is more im- 
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TABLE III.—Effect of Rate of Flow on 


Per Cent Removal For Various 
Ranges of Raw B.O.D 
Rate of Flow | 


| 170-446 546-9904 | 1070-1475 
p.p.mi. p.p.m. | p.p.m. 
0.76 | | 
3.28 | 416 56 
3.92 to 4.52 | : 44 | 48 
5.16 to 5.80 38 | 37 


6.28 to 6.32 } 46 | 


portant than the rate of flow, as illus- 
trated by the results in Table IIT. 


Effect of B.O.D. Concentration 


A series of studies conducted to de- 
termine the effect of raw B.O.D. con- 
centration on the quality of the efflu- 
ent and percentage B.O.D. reduction 
show that the latter did not materially 
differ with concentrations varying from 
300 to 1425 p.p.m. whether or not re- 
circulation was used. The B.O.D. re- 
maining in the effluent increased stead- 
ily with increasing B.O.D. of the raw 
material. The relation between origi- 
nal concentration and B.O.D. in the 
effluent is shown in Figure 6 for results 
obtained with and without reeireula- 
tion. At the lower initial B.O.D. con- 
centrations the percentage removal is 
somewhat higher than at the high ini- 
tial concentrations. 


Effect of Pre-Digestion 

The possibility that so-called easily 
decomposable material would be de- 
stroyved by anaerobic digestion, leaving 
only more resistant material to be oxi- 
dized in the filters, was studied by 
comparing the degree of purification 
attained with various mixtures of raw 
und digested spent nutrients and wash 
waters. In combining results obtained 
with and without recirculation the 
tendency seemed to be that digested 
material showed a somewhat higher 
percentage B.O.D. reduction, but when 
the results were separated and = ana- 


Percentage B.O.D. Removal 
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| 
@---© 
@——®@ RECIRCULATION 


RECIRCULATED 


PPM. B.O.D. IN EFFLUENT 


250 


PPM. RAW B.0.D. 


FIGURE 6.—Effect of concentration on quality of effluent. 


lyzed it was found that the filter effi- 
ciency was not materially affected by 
pre-digestion. Some results obtained 
with various loadings illustrate the 
findings: 


No With 
Recire, Recire.} 
taw Spent Nutrient; 

taw Wash Water 

Digested 8S. N.; Raw 

W. W. 
Digested 8S. N.; Digested 


Material Treated Av. 


| 48 | 48 


It appeared that the total B.O.D. 
loadings applied were a more important 
factor than was pretreatment by di- 


vestion. 


Effect of pH 


spent nutrients and raw 
had plL values below 5.6, 
Whereas in all 


The raw 
Wash water 
cases where anaerobi- 
cally digested spent nutrients and wash 
water were applied to the filters, the 
pH of the influent was 7.0 or higher. 
The pH values between 5.6 and 7.0 
were attained by partial neutralization 
of the raw material with NaOH, 
Na.CO., or waste alkali. By averaging 
all results obtained with B.O.D. load 


ings between 1000 and 5000 Ib. per 
acre-ft. daily, it was found that, in 
general, the filter performance im- 
proved with increasing pH values in 
the influent. This is illustrated by the 
following average figures, in which the 
effect of loading, strength of waste, 
recirculation and pre-digestion are neg- 
lected : 
B.O.D 


pH of Removal 
Influent (%) 


5.05 34 
§.55 42 
6.0 47 
6.6 48 
7.0 51 
7.35 41 


The optimum B.O.D. removal oe- 
curred when the pH value of the in- 
fluent was 7. Passage of the waste 
through the filter increased the pH, 
so that with pH values of over 7.0 in 
the influent, the effluent had pH! values 
of 8.4 to 8.6. With the pH of the in- 
fluent around the neutral point the 
effluents had pH values between 7.6 
and 8. 

With influent pH values of 6 and 
below, the surface of the rock rapidly 
became coated with a heavy reddish 
brown growth of wild yeast, resulting 
in clogging of the filters. Since the 
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optimum pH values for the growth of 
wild yeast appeared to be below 6, 
experiments were conducted with par- 
tial neutralization, using sodium hy- 
droxide for the purpose. Neutraliza- 
tion of the waste to pII 6.5 before di- 
gestion or to pH 7 of the raw material 
resulted in the disappearance of the 
surface growth within two weeks. The 
question was raised whether the disap- 
pearance of the wild yeast could be 
accomplished with chemicals other than 
sodium hydroxide. Experiments with 
sodium carbonate and waste alkalies 
showed that whenever the pH values 
of the influent were raised sufficiently 
no wild yeast growth occurred; and 
that existing growth could be removed. 
It appears, therefore, that in addition 
to aiding the purification, partial neu- 
tralization was a valuable tool to pre- 
vent clogging of the filters. 


Nitrogen Changes During Filtration 


The spent nutrients and wash water 
contain appreciable quantities of or- 
evanic and ammonia nitrogen. The per- 
centage reduction of organie and am- 
monia nitrogen varied, but amounted 
on the average to about 35 and 25 
per cent, respectively. Some results 
obtained are presented in Table IV 
to indicate the variations in initial ni- 
trogen concentrations and the quanti- 
ties found in the effluent. High-rate 
filtration is not conducive to nitrifica- 
tion. Only relatively small quantities 
of nitrates were found in the effluent. 


TABLE IV. -Nitrogen Changes 
during Filtration 
Amtaonia—N 
(p.p.m.) 


Organic—N 
—N in 
—- - ————}| Effluent 
Influent Effluent | 
64 | 

120 | 
218 | 
309 | 
398 


| 
Influent | Effluent 


172 | 118 | 
234 | 215 | 
146) 128 | 
178 | 201 | 
249 182 | 
208 115 | 
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The reduction in organie nitrogen and 
probably most of the reduction in am- 
monia nitrogen are assumed to be 
caused by assimilation by the micro- 
organisms. 


Work Done by Individual Filters 


The amount of work done by the 
individual filters in a two-stage filter 
system is not the same. Of the total 
amount of B.O.D. removed by the two 
filters, it appears that, in general, be- 
tween 50 and 60 per cent of the work 
is done by the primary filter. Dis- 
regarding the strength of the raw 
material, an attempt was made to de- 
termine what effect, if any, variation 
in flow would have on the work done 
by the individual filters. It appears 
that when no recirculation was prac- 
ticed more work was done by the pri- 
mary filter than by the secondary fil- 
ter when based on the original load 
(Table V), but with recirculation the 
amount of work done was about the 
same in both filters, except at very high 
flows when most of the work was done 


TABLE V.—B.O.D. Removal by 
Primary and Secondary Filters 
at Various Flows 


Total B.O.D. | B.O.D. 
Removal (%) | Remaining (°7) 


| 

| 
Flow 
(m.g.a.d.) | 
| 


Filter 1 | Filter 2 


No Recirculation 


| 62 | 38 
| 70 30 


48 
63 
Weighted av. 58 


| 
53 | 
| 


Recirculated 
2.0 
3.2 
3.5 
4.0 
5.0 
20.0 
Weighted av. 


|| 
whe 
is 
: 
‘2 
: 
P| Filter 1 | Filter 2 
| 
1.2 32 | 20 en 
6.5 37 26 
8.8 26 31 
20 27 
30 23 
| 24 | 36 
| 20 | 26 
| 14 | 18 
| 17 | 22 
9 | 16 
| 6 23 
| 
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filter. 
done 


by the secondary The total 
amount of (expressed in 
pounds B.O.D. removed) at these high 
flows was than at low 
hut the percentage 


ciency, Was less. 


work 


flows, 
effi- 


vreater 


removal, or 


Comparison of the efficiency of the 
primary and secondary filters by de- 
termining the percentage of B.O.D. 
removed of that fed to the particular 
filter, indicates that without recircula- 
tion the pereentage B.O.D. removal 
was about the same, but with recireu- 
lation the removal in the 
secondary filter was greater. 


percentage 


Effect of Dilution with Cooling 
Water 


In the production of yeast a con- 
siderable amount of cooling water is 
discharged. This cooling water has a 
temperature of about 80° F. 
tains a 


and con- 
dis- 
Results of experiments 
made with varying amounts of cooling 


considerable amount of 


solved oxygen. 


water added to the raw and digested 
materials before application to the fil- 
Table VI. The re- 
sults seem to indicate that dilution of 
the material with water aids 
the performance of the filters. The 
benefit derived from the cooling water 


ters are shown in 


cooling 


would be greater during cold weather, 
because of the higher temperature of 
the mixtures. 


TABLE VI.—Effect of Dilution with 
Cooling Water on Percentage 
B.O.D. Reduction 


jon Recirculation 1:1 


Raw) B.O.D. Re B.O.D. Raw 


duction p.p.m 


B.O.1D. Re 
duction 


184 
209 
275 
316 
370 
452 
802 
1142 
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Discussion 


At low 300 to 500° Tb. 
B.O.D. per acre-ft. per day trickling 
filter performance by the pilot plant 
filters was lower than that obtained by 
laboratory results previously reported 
4). With high loadings the shallow 
high-rate filters considerable 
amounts of organic and ammonia ni- 
trogen, but little or no 


loadings of 


removed 


nitrification 

With the exception of the lower and 
higher limits of loading the filter 
performance remained at a value of 
approximately 50 per cent B.O.D. re- 
moval. As a loadings in- 
creased, the actual pounds of B.O.D. 
removed general, the 
efficiency of the filters remained fairly 
constant regardless of the rate of flow 
or B.O.D. concentration applied. The 
rather constant main- 
tained with loadings up to about 
11,000 Ib. of B.O.D. per acre-ft. per 
day, or about 44,000 Ib. per acre for 
the 4-ft. filters Higher 
loadines caused a marked decrease in 
the efficiency of the filters. 


result, as 


increased. In 


efficiency was 


deep used. 


The magnitude of the loading values 
applied to the filters was materially 
higher than ordinarily used in sewage 
treatment practice. 
in mind that the materials treated 
consist predominantly of dissolved 
solids, much of which is organie in na- 
ture and readily available for biolog- 
ical assimilation. It appears that in 
the treatment of soluble 


It should be borne 


wastes such 
as from the manufacture of compressed 
yeast, loadings can be applied far in 
excess of those practiced with domestic 
sewage, without resorting to recircula- 
tion. 

Recirculation appears to be of in- 
terest only in respect to dilution of 
concentrated material. If the total 
B.0.D. removal with recirculation is 
plotted against the loading expressed 
in terms of total B.O.D. applied, in- 


eluding the load of the recirculated 


B.0.D., recirculation results appear to 
be lower than 


results obtained with- 


] 
| 
No Recircu 
172 65 58 
ans | ” 
303 1S $7 
546 50 | 48 
660 51 18 
811 14 55 
1055 17 52 
1305 4] 35 
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out recireulation. If, on the other 
hand, bB.O.D. removal is plotted 
against the loading represented by the 
raw material applied, the results are 
similar to those found without reeir- 
culation. For instance, a loading of 
8,000 Ib. raw B.O.D. per acre-foot per 
day with recirculation corresponds to 
a total loading of about 12,000 Ib. per 
acre-ft. per day. At total loadings up 
to 12,000 Ib. per acre-ft. daily the per- 
centage of raw B.O.D. removal with 
recirculation is of the same order as 
the percentage removal without recir- 
culation. It seems, therefore, that the 
filter performance as measured by per- 
centage removal is determined by the 
total loading, while actual removal, 
expressed in pounds per acre-foot per 
day, appears to be determined by the 
3.0.D. applied. In other words, 
whereas the total loading determines 
filter performance, the raw B.O.D. 
loading determines the actual work 
done. The recirculated) organie ma- 
terial is not acted upon and the reeir- 
culated liquid functions essentially as 
a diluent. This function is of im- 
portance when concentrated material 
is treated, 


raw 


The quality of the effluent appears 
to be a function of the concentration 
of the material applied to the filters. 
Furthermore, evidence — was 
shown that the filter performance is 
improved with application of more di- 
lute material, as shown by the tend- 
ency of 
with 


some 


ereater percentage removals 
B.O.D. values in the raw 
applied. Tlence,  recireula- 
tion together with dilution with avail- 
able cooling water would be beneficial. 


lower 
material 


In addition, the cooline water used for 
dilution maintaining 
higher temperatures of the mixtures. 
activities to pro- 
rate, particularly 
weather. The cooling 
carries considerable 
amount of dissolved oxygen, thereby 
enhancing the over-all benefit derived 


is beneficial in 


biological 
ceed at greater 
cold 


also 


allowing 


during 
water 
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from the practice of mixing it with di- 
vester effluent and raw wash water. 

The reduction of ammonia and or- 
vanic nitrogen by passage through the 
filters without material nitrification 
leads to the assumption that a part of 
the nitrogen was resvnthesized 
logically in the growth of the organ- 
isms, whereas another part of the ni- 
trogen was volatilized as ammonia. 
The volatilization evident, 
cially during warm weather when ae- 
tivity was high in the filters, by the 
ammoniacal odors eminatine from the 
filters. The odor eminating from the 
filters resembled the pungent am- 
moniacal odor in’ herse barns. The 
odors dispersed readily in the sur- 
rounding atmosphere and were not 
noticeable a few vards away from the 
filters. 

The best performance of the filters 
occurred when the waste was about 
neutral. With pH values below 6 the 
filter stone became covered with wild 
veast, resulting in clogging. The 
vrowth of these wild veasts was read- 
ily controlled by partial neutralization 
of the raw material to not less than 
6.5, using sodium hydroxide, 
sodium carbonate or waste alkali. 
Whether the covering of the active 
film on the stone by the wild yeast, 
ultimately resulting in clogging, was 
responsible for the reduction in per- 
formance of the filters, or whether the 
more acid condition of the substrate 
retarded normal biological activities, 
was not determined, but it is believed 
that the material with lower pIT values 
reduced biological activities in the film 
and stimulated veast growth, which 
resulted in clogging and further de- 
terioration. The degree of neutrali- 
zation required depends upon the rela- 
tive amounts or raw wash water and 
digested material in the mixtures to 
be treated. 


Was espe- 


Summary and Conclusions 


Experiments were conducted over a 
period of about 5 years on the treat- 


: 
& 
: 
| 
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500 SEWAGE 
ment of compressed yeast wastes in the 
form of raw wash water, raw spent nu- 
trients, digested wash water, digested 
spent nutrients, and various combina- 
tions of these materials, using trick- 
ling filters 15 ft. in diameter and 4 ft. 
deep. Various methods of operation 
and recirculation used. The 
summarized data presented indicate 
that: 


were 


1. The trickling filters effected ap- 
proximately 50 per cent B.O.D.. re- 


moval, irrespective of whether the ma- 
terial applied was in the form of raw 
or pre-digested material or mixtures 
of raw and pre-digested material. 


2. Loadings as high as 11,000 to 


12,000 Ib. B.O.D. per acre-ft. per day 
without material re- 
tardation of purification. 

3. The quality of the effluent de- 
pended upon the raw B.O.D. concen- 
tration. Recirculation appeared to be 
of value only as a means of diluting 
the concentrated materials. 


were possible 
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4. Addition of cooling water as a di- 
Iuent aided purification. In addition 
it helped in maintaining a higher tem- 
perature and dissolved 
oxygen. 

5. Within the limits of 0.19 to 1.73 
m.g. per acre-ft. a day, the rate of flow 
or surface application did not signifi- 
cantly affect the filter performance. 

6. The B.O.D. removal 
was about equal in the primary and 
secondary filters, when recirculation 
was used, but was somewhat higher in 
the primary filter without recircula- 
tion. 

7. Maximum purification occurred 
at an optimum pH of 7 of the material 
applied to the filters. Application of 
waste with pII values below 6 resulted 
in wild growth and clogging. 
Wild erowth could be readily 
controlled by partial neutralization of 
the waste with an alkali. 

8. Considerable reduction am- 
monia and organic nitrogen occurred 
without appreciable nitrification. 


supplied 


percentage 


veast 


yeast 
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TREATMENT OF WASTES IN A METALWORKING 
PLANT * 


By Harry D. UNwIN 


Albert Kahn Associated Architects and Engineers, Inc., Detroit, Mich. 


The increasing public resentment to- 
ward stream pollution by industrial 
wastes and the rising clamor for action 
against offending concerns is quite un- 
derstandable. It is reminiscent of the 
hue and ery set forth against the un- 
desirable effects of dumping domestic 
sewage into streams and on farm land 
many vears ago. Due to this inereas- 
ing agitation, costly research and ex- 
tensive investigations have resulted in 
the present status of sewage treatment 
plants. 

Industries have expanded and _ in- 
creased in number and size in much 
the same manner as villages beeame 
towns and towns grew into cities. Con- 
sequently, the pollution load caused by 
industrial wastes has exeeeded the puri- 
fication ability of natural resources as 
well as the capacities of many munici- 
pal sewage plants. To alleviate this 
condition, two solutions are at onee 
suggested: (1) the processing of the 
existing wastes by each manufacturing 
plant, and (2) the incorporation of 
adequate facilities in the original de- 
sign of new plants. The second method 
of solving the problem is receiving just 
consideration by all forward-looking 
managements and is exemplified by the 
industrial waste treatment system de- 
signed and constructed in) connection 
with the ball-bearing plant completed 
last vear at Sandusky, Ohio for the 
New Departure Division, General Mo- 
tors Corporation. 

The trend is definitely toward lo- 
eating new plants in small communities 
and on the outskirts of large cities 


* Presented at Twenty-second Annual Meet- 
ing, Ohio Sewage and Industrial Waste Con 
ferenee, Dayton, Ohio, June 24, 1948. 


beyond the range of municipal sewage 
systems. This often necessitates the 
construction of independent sewage 
treatment plants into which it is fre- 
quently unwise to incorporate facili- 
ties for handling the industrial wastes. 
Consequently, the trade wastes must 
be discharged to the storm sewers 
which, in many eases, discharge to 
some small stream where there is in- 
sufficient flow to provide the necessary 
dilution. 

As a result of the increasing amount 
of trade waste discharge, it is apparent 
that suitable collection, treatment and 
disposal facilities must be given equal 
consideration with the planning of 
manufacturing operations during the 
layout and design of new plants. 

Industrial wastes vary considerably 
in different industries and to a lesser 
extent within plants of the same in- 
dustry, depending upon the products 
manufactured and the processes em- 
ployed. As the New Departure plant 
is the first fully integrated ball-bear- 
ing plant ever constructed, it was nat- 
ural that improvements in layout and 
manufacturing technique should be 
introduced that are economically un- 
attainable in older plants which have 
gradually expanded to their present 
size. 

Approximately 563,000 sq. ft. of floor 
space under one roof comprises the 
manufacturing area of this plant. In- 
dustrial wastes originate in various 
departments oceupving the greater por- 
tion of this area including the ball 
shop. press room, machining depart- 
ment, heat-treat, grinding, pickling, 
chrome plating, laundry and dry clean- 
ing room, forge shop, ete. 
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The alkali cleaning machines, pick- 
ling of steel, chrome plating and _ re- 
newal of coolant make-up tanks are 
the primary sources of objectionable 
trade although the laundry, 
wet dust collectors, and miscellaneous 
operations involving the use of in- 
soluble oils such as quench oil, mineral 
seal oil, hydraulie oil, cutting oils and 
emulsions contribute to the total waste 
output of the plant. 


wastes, 


Analysis of Problem 
In investigating any waste handling 
problem, there are three methods of 
approach : 


1, Consider each waste independently 
and determine the economie possibili- 
ties of so as to eliminate 
disposal. In) many 
metal-working plants, the volumes of 


reclamation 
the necessity of 


individual wastes usually are too small 
to warrant extensive recovery systems, 
except in the case of soluble oils used 
as coolants Due to the laree expendi- 
ture involved in equipment and dis 
tribution 


systems for soluble oil re- 


sufficient savings 
be realized to justify such 
an investment and amortize it in a 
reasonable length of time. This invest- 
ment is compared with that required 
to handle and treat the soluble oil for 
disposal. bearing in mind that there 
be no salvage value to 
obtained. 
the answer bears no relationship to 
the original cost of the soluble oil, but 


and re-1se, 


may not 


probably will 


the waste thus Obviously, 


is entirely a question of the economical 


handling of the material onee it) has 


served its purpose and is discharged 


from the machines. 
2. Consider each waste product inde 
pendently of the others and provide 
means of treatment or disposal to elimi 


nate it completely before proceeding 


to analyze any other of the existing 


trade wastes. This method may be very 
Where trade 


wastes are present. a careful study of 


uneconomical several 


the characteristies and volume may 
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indicate that one or more may be 


utilized to neutralize or treat another, 
thus reducing or eliminating the pur- 


chase of chemicals. 

3. Completely survey all of the trade 
wastes in the manufacturing plant, 
carefully analyze the quantity and 
characteristics of each, and then de- 
velop an over-all plan for the treatment 
or disposal of the various wastes, tak- 
ing into consideration economy of treat- 
ment and flexibility of the collection 
systems as well as that of the treatment 
process. This method of approach was 
followed in the design of the New De 
parture waste treatment facilities be- 
cause it permitted utilization of the 
waste pickle liquor to ‘‘erack’’ the 
emulsified soluble oil present in the 
alkali wastes. 


Mills Creek has practically no flow 
at certain seasons of the vear at the 
point where the outfall is located. It 
winds through farm land and 
through a golf course before entering 


Passes 


the Sandusky storm sewer system that 
ultimately into Lake Erie. 
Toxic if allowed to enter the 
stream, would not be sufficiently di- 
luted thereby to become harmless to 
grazing cattle. Also, the discharge of 
soluble oils which had been partially 
reduced by the acid wastes would be 
completely broken by further dilution, 
thus permitting the collection of oil 
on the surface of the stream in quies- 


empties 
wastes, 


winding flow 

Such oil is 
not only unsightly but it can also be- 
real particularly if 


avents 


cent during its 


areas 
through the golf course. 
hazard, 
Hammable cleaning 


come a 
suehoas 
kerosene or other solvents are present 

In view of these conditions. the fol 
lowing maximum concentrations of ob 
jectionable substances the plant 
storm water discharge were established 


by the Ohio Department of Health: 


Chronuum 
Emulsified Oils 
Suspended Solids 
pH range 


2.0 p.p.m 
30.0 p.p.m 
20.0 p.p.m 

7.0 to 10.0 
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The Ohio statutes specifically re- 
quire that any new industry, or one 
making changes and additions to ex- 
isting establishments, which has in- 
dustrial wastes, must submit plans of 
treatment and disposal facilities to the 
state department of health for ap- 
proval prior to construetion. This 
section of the General Code is inter- 
preted to mean that such treatment 
facilities be installed simultaneously 
with the construction of a new indus- 
trial plant and that they constitute an 
integral part of industrial proeess de- 
velopment. 


Characteristics of Wastes 


The wastes were classified according 
to their composition and origin as fol- 
lows: 


1. The weak alkali group of wastes 
includes all of the rinse waters from 
the washing machines and plating de- 
partment, lime dip tank discharge, 
oily wastes from the steam cleaning 
room, insoluble waste oil, laundry dis- 
charges and the contents of the alkali 
cleaner tanks of the washing machines, 
when found too contaminated for satis- 
factory operation. 

2. The spent pickle liquor, which has 
developed too high an iron’ sulfate 
concentration for efficient seale re- 
moval, is grouped separately in order 
to study its relationship to the alkali 
and soluble oil wastes. 

3. The sulfurie acid-bearing rinse 
waters from the pickling machine, and 
the chromie acid-bearing rinse waters 
from the plating and Parkerizing sys- 
tems were grouped together as weak 
acid wastes for further analysis. 

4. Discharges from the central cool- 
ant system in emergencies or as re- 
quired for maintenance purposes. 


The amount of spent pickle liquor 
discharged weekly will assist the weak 
acid waste to neutralize the weekly 
quantity of soluble oil, lime and alkali 
cleaning agents which comprise the 
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weak alkali waste, as well as to crack 
a reasonable amount of soluble oil 
from the make-up tanks if this should 
be required. It therefore appeared eco- 
nomical to segregate the pickle acid as 
a raw material for treating purposes, 
and separation of the concentrated 
waste coolant that might be discharged 
would prevent large quantities of this 
waste from upsetting the normal char- 
acter of the weak alkali group of wastes. 
Since the weak acid waste will also 
contain chromic acid, this must also 
be segregated to reduce the quantity 
to be treated for chromium reduction. 

The total estimated flow of all wastes, 
for 150 per cent peak load, contains 
the following contaminating elements: 


Parts per 


Type of Waste Million 
Alkali as Na.O . 1500 
Sulfuric Acid . ... 3900 
Ferrous Sulfate ; . 2200 
Chromium ... F 3 
Soluble Oil .. . 2300 
Insoluble Oil ; . 650 


If the plating department should be 
operating without benefit of diluting 
rinse waters from the pickling machine 
and alkali washing machines, there 
would be a possible chromic acid con- 
centration of 20.9 p.p.m. in the rinse 
water. By the same reasoning, the 
rinse water from the pickling system 
has a concentration of 43.7 p.p.m. Fur- 
thermore, if the soluble oil tanks on 
the various machines, isolated from 
the central system, are dumped during 
a shut-down period, the concentration 
might be 20,000 to 30,000 p.p.m. or 
higher. 


Waste Collection Systems 

Wide variations in flow rates and 
degree of contamination of individual 
industrial wastes are not conducive to 
an economical control or treatment sys- 
tem. Impounding the wastes in large 
reservoirs prior to disposal or introduc- 
tion into the treatment system tends to 
produce more uniform composition 
within each reservoir, as well as to per- 
mit controlled rates of flow therefrom 
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through the treatment process. Two 
major waste collecting systems are pro- 
vided; one for acid wastes and one for 
alkali wastes. 

The alkali collecting system in the 
factory consists of an overhead system 
of piping in the truss space into which 
all alkali and oil-bearing wastes are 
pumped from sumps located at the 
metal washing machines, lime rinse 
tank of the pickling machine, steam 
cleaning room, alkali waste sump in 
the plating department and at other 
production equipment where similar 
wastes originate. Both waters 
and concentrated alkali wastes 
through this system to the receiving 
When the discharge of the 
coolant make-up tanks becomes neces- 
sary, it will be seheduled at a time 
when little or no alkali rinse waters 
are flowing so that this concentrated 
waste may be impounded separately. 

The acid collecting system receives 
the gravity discharge of spent pickle 
liquor and acid rinse waters from the 
sulfuric acid pickling of strip coils and 
from the chromium plating operation, 
respectively, which are considered 
permanently located departments. The 
pickling liquor is scheduled for dump- 
ing at a time when the sulfuric and 
ehromie acid rinse waters are not flow- 
ing so that it may be impounded sepa- 
rately and held in reserve as a useful 
and low-cost treating agent. 

With this arrangement of collecting 
the various wastes, a minimum of 
piping is required, maximum flexibil- 
itv is provided, and at the same time 
the four major types of wastes—weak 
alkali, weak acid, pickling liquor and 
spent coolant—are properly segregated 
and made available for treatment and 
neutralization in any proportion de- 
sirable and necessary to dispose of the 
quantities involved. 


rinse 


pass 


reservoirs. 


Methods of Disposal Considered 


Five methods of disposal were ana- 
lvzed in connection with the design of 
the New Departure treatment plant : 
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Disposal by dilution. 

Disposal by discharge into the 
sewage treatment system. 
Disposal by settling and aeration. 
Disposal by evaporation to dry- 
ness. 

Disposal by chemical treatment. 


The chemical treatment method af- 
fords a high degree of flexibility, since 
flow rates of raw wastes and treating 
agents can be controlled. It permits 
wide ranges of concentrations to be 
handled and is adaptable to the treat- 
ment of additional trade wastes with 
little or no change to the mechanical 
equipment. The chemical treatment 
plant can be operated continuously or 
on a batch basis, labor and power 
costs are at a minimum and the system 
can be made automatic if desired. For 
these reasons, this method was selected 
for the problem at hand. 

The design of the treatment system 
is based upon handling 150 per cent of 
the estimated peak flow of trade wastes 
over a 24-hour period; that is, 125,000 
gal. of weak alkali waste and 85,000 
gal. of weak acid waste. In addition, 
provision is made to impound 8,000 
gal. of spent pickling liquor and sev- 
eral thousand gallons of waste coolant. 

In order to reduce the operating 
labor cost to a minimum, the rate of 
treatment and neutralization has been 
established on the basis of handling 
the ultimate 24-hour peak load in an 
8-hour operating period. Therefore, 
the system as originally laid out has a 
maximum design capacity of 440 g.p.m. 
Since the ultimate design load of 150 
per cent of the present estimated peak 
requirements will not be reached for 
some time, one-half of the final clarifi- 
cation equipment has been omitted. 
The system as installed will handle 75 
per cent of the estimated peak load in 
an S8-hour operating period, or 150 
x.p.m. of alkaline waste and 90 g.p.m. 
of acid waste, equivalent to 220 g.p.m. 
The economy of this is seen from the 
fact that the peak demand can actually 
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increase to 225 per cent before addi- 
tional clarification equipment need be 
installed, merely by inereasing the 
operating hours of the treatment plant 
to 24 hours if necessary. 


The Treatment Process 

The treatment process (Figure 1) 
is accomplished in four stages: (1) 
primary clarification for partial sepa- 
ration and removal of soluble and in- 
soluble oils, (2) chromate reduction to 
reduce the chromium in the weak acid 
waste, final clarification and neu- 
tralization, and (4) sludge dewatering 
and disposal. The receiving 
voirs permit the treatment of wastes 
therefrom to be a continuous process 
during the &-hour daily operating 
period of the treatment plant. This 
arrangement has another advantage: 
when wastes are produced at a much 
slower rate than normal, they can be 
impounded in the reservoirs until suffi- 
cient have been accumulated to allow 
of the treat- 


(3) 


reser- 


a full &-hour operation 
ment plant. 


PICKLE 
LIQUOR 
RES 


CHEMICAL FEEDERS 


COOLANT 
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The caustic wastes from the weak 
alkali reservoir are pumped through 
a controlled level weir box to the 20- 
ft. diameter primary clarifier. To 
effect acidification and promote oil 
separation, a portion of the waste 
pickle liquor is pumped to the weir 
box, where mixing occurs with the alka- 
line waste. In the primary clarifier, 
the pH is maintained at about 5.0 for 
maximum oil separation. The sepa- 
rated oil and some precipitated iron 
hydroxide separates as a floating seum, 
which is removed by a_ hydraulic 
skimmer, and is carried by gravity to 
an underground tank. The partially 
clarified soluble oil-bearing alkali 
waste discharges by gravity to the final 
clarifier, where treatment is completed 
and neutralization effected. 

When chromium is present in the 
rinse waters, a preliminary step is re- 
quired to reduce the chromates from 
hexavalent to the trivalent form. The 
weak acid waste containing both sul- 
furie acid and chromic acid is pumped 
from the receiving reservoir through a 


ruTure 
FINAL eo 


SLUDGE 
SETTLING 
SUMPS 


PRimaARY 


CLARIFIER 


FIGURE 1.—Flow diagram of waste treatment process. 
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controlled level weir box to the rapid 
mix or chromate reduction chamber. 
Any excess spent pickle liquor is also 
pumped to this basin for disposal. At 
the ferrous sulfate con- 
tent effects partial reduction of the 
chromium. More complete 
of the chromates to trivalent chromium, 
prior to precipitation, is obtained by 
feeding a controlled amount of one of 
the stronger reducing agents such as 


the same time, 


reduetion 


sodium bisulfite or sodium hydrosulfite. 

From the reduction basin the treated 
weak acid waste flows by gravity to 
the 30-ft. final clarifier where lime is 
added directly to the reaction chamber 
to effect and raise the 
pli to approximately 9.0 for better pre 
cipitation of the iron and 
hydroxides Activated silica is 
added at the reaction chamber to im- 


neutralization 


chromic 


also 


prove coagulation and precipitation of 
the hydroxides. 

The efficiency of final clarification is 
funetion of the rate of 
separation of the floc. 


primarily a 
Ferric sulfate, 


when used coavulant, tends to 


asa 
produce more rapid separation than 
ferrous sulfate, but the latter is avail 


able in the spent pickle liquor. The 
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effect of the activated silica is to 
broaden the effective pH range of co- 
agulation and to improve the coagula- 
tion, particularly during winter opera- 
tion when the 
temperature, and it has the special ad- 
vantage of increasing the compaction 
of the sludge formed. 


wastes are at a lower 


Figure 2 illustrates the complete in- 
dustrial waste treatment plant. 


Clarification 


The designs ot the two clarifiers are 
somewhat different since the function 
of the primary unit is oil removal while 


that of the final clarifier is precipita- 


tion and separation of solids. 
clarifier has baffled 
inlet tube at the center which receives 
the influent. This tube 
directs) the downward 


The primary 


distributes 
and 
outward from the center where it rises 
flows to the 

The 


the bottom and is progressively moved 


and flow 


anal peripheral effluent 
weir, denser material settles to 
toward the center by the sludge serap- 
ine mechanism. 


The 


Figure 3 


final clarifier, or ‘*Cyelator”’ 


is constructed in a similar 


| 


FIGURE 2.—Over-all view of New Departure industrial waste treatment plant. 
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FIGURE 3.—Typical section of “Cyclator.” 


manner to the primary unit. The im- vidual timers for intermittent open- 
portant difference is in the central in- ing. They are set for the proper 
let chamber where the primary clarifier frequency and duration of slurry dis- 
effluent and the discharge from the charge depending upon the rate of 
chromate reduction basin are blended = sludge formation in each individual 
with the lime for neutralization and clarifier. The combined underflow 
with activated silica for improved co- from the clarifiers flows by gravity to 
agulation. a transfer sump under the basement 

The settled sludge in the centrally — floor of the pump house, from whieh it 
located sumps of both elarifiers is is pumped to three settling basins 
periodically discharged through a sole- (Figure 5), each having a capacity of 
noid controlled diaphragm valve on approximately 15,000 gallons. A min- 
each clarifier sludge line. These sludge imum retention period of 3 days is 
valves are located in a common pit allowed for gravity separation of the 
(Figure 4) and are actuated by indi- — solid particles of sludge when the 
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SECTION 1-1 
FIGURE 4.—Details of sludge valve pit. 
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FIGURE 5.—Details of sludge settling basin. 


treatment plant is on an 8 hour per 
day operating cycle. 

After settling, as long as operations 
permit, the clear supernatant liquor is 
allowed to flow by gravity through an 


udjustable decanting pipe to the 


sludge sump from which it is pumped 


for disposal via the chromate reduc- 
tion basin overflow to the final clarifier. 
When the supernatant liquor has been 
drawn down to the visible sludge line 
in the settling basins, the basins are 
refilled with newly-discharged slurry. 
This sequence of operations is contin- 
ued until the solids have been concen- 
trated three to four times, after which 
the thickened slurry is pumped to a 
lagoon for drying and disposal. 


Operating Data 


Economie flexibility in the layout of 
any waste treatment plant must pro- 
vide means for adapting the facilities 
to reasonably severe changes in the 
composition of the wastes. The first 
few months of operation clearly sub- 
stantiated the value of such practice. 
Chromium concentrations varied from 


8.0 p.p.m. to 189 p.p.m, while the total 
oil content of the alkali waste ranged 
from 1000 p.p.m. to more than 100,000 
p.p.m. The final effluent obtained 
analyzed below the concentrations es- 
tablished by the state authorities. 
Minor piping changes were made to 
permit the use of the bisulfite feeder 
for feeding ferrous sulfate to the pri- 
mary clarifier for breaking the soluble 
oil emulsions, and to the chromate re- 
duction, or rapid mix basin, for 
chromium reduction. The reactions 
which occurred are, in general: (1) 
partial reduction of the chromium in 
the acid waste and formation of ferric 
sulfate, (2) high dosage to the pri- 
mary clarifier released the soluble oil 
which was skimmed off, (3) the pri- 
mary clarifier effluent contained excess 
ferrous sulfate and ferrous hydroxide, 
and (+) combining of the reduction 
basin discharge and primary clarifier 
effluent in the final clarifier resulted in 
reduction of the chromium below the 
required limit when sufficient lime was 
added for precipitation of the metallic 
hydroxides and neutralization. 
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Recent reports of plant operation 
indicate that the character of the 
wastes are ‘‘normal’’; that is, wide 
variations in analysis of the acid and 
alkali wastes are less frequent and 
more uniform day-to-day concentra- 
tions of chromium and oil are being 
attained. Average operations show the 
following analyses: 


Weak Alkali Waste: 


Alkalinity... . 150 400° p.p.m. 

Total Oil... .. 6,000 -16,000  p.p.m. 
Weak Acid Waste: 

21- 68 

Mineral Acidity. 150 — 1,000 p.p.m. 

Chromium (CrQs). 1 - 19 p.p.m. 
Final Effluent: 

9.2- 10.6 

Chromium. . . . we - 0.2 p.p.m. 

Total Oil...... ee 2- 2 p.p.m. 

Conclusions 


The development of a satisfactory 
industrial waste control system may be 
summarized as follows: 


(1) Each industry and each plant 
within an industry is an individual 
unit, so that the waste control problems 
must be given special consideration in 
each case. 

(2) Every possible method of con- 
trol should be carefully investigated 


industrial waste treatment 
have handled successfully so 
severe and variable a waste problem 
as the plant which has been described 
by Mr. Unwin. From the start of the 
plant, and through a wide variety of 
conditions, the waste treatment process 
has consistently produced an effluent 
satisfactory to the need. 

Features of certain equipment used 
in the plant may be of interest, espe- 
cially the two types of treatment tanks. 


Kew 
plants 
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including dilution or treatment at the 
source, reclamation, segregation of 
wastes, and the many possible means 
of disposal. 

(3) No one waste should be consid- 
ered independently. The effect of 
other wastes and the probability of 
utilizing them to control or treat each 
other must be given serious analysis. 

(4) The local conditions of sewers, 
streams and other waterways must be 
ascertained in order to determine the 
extent of treatment or dilution re- 
quired. 

(5) Flexibility of waste collecting 
systems and methods of control must 
always be borne in mind as changing 
production methods and utilization of 
different process liquids may easily 
make obsolete the entire waste control 
system. 

(6) Perhaps of most importance to 
the control of industrial wastes is the 
subject of good housekeeping. With- 
out proper supervision to guard against 
the discharge of oils and other wastes 
into sewers and places where they are 
not intended, the purpose of the entire 
waste treatment system will be de- 
feated. As long as there is manual 
handling of process fluids to and from 
machines, constant vigilance must be 
exercised in the interest of good house- 
keeping. 


The clarifier is of the more or less 
standard type having provisions for 
removing any settleable solids from the 
bottom and for skimming from the 
top any material which is lighter 
than the main body of liquid being 
handled. This clarifier does its as- 
signed duty by collecting effectively 
the free oil, both that which comes to 
the waste reservoirs in a free state and 
that which is broken out of emulsion 
form by the low pII environment pro- 
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vided by the pickle acid treatment. 
The amount of free oil passed to the 
second stage is negligible. The amount 
of coagulant in the second 
stage is thereby reduced to that neces- 
sary to coagulate and absorb the emul- 


necessary 


sified oils which remain suspended. 

But this first clarifier could not do 
the job for which the second treating 
tank, or **Cyelator,’’ was designed, al- 
though the Cyclator eould perform 
very well in the place of the clarifier, 
and offer some added advantages. 

The that the clarifier could 
not do the job of the Cyelator is evi- 
dent when it is recalled that as a 
settling unit, it is not called 
prepare precipitates for effective and 
rapid removal by sedimentation. Be- 
fore it could be expected to produce 
an effluent comparable to the Cyelator, 
additional equipment would have to 
be provided to mix the lime with the 
flows from the chromate reduction 
basin and from the clarifier to bring 
about the proper pil conditions for 


reason 


upon to 


coagulation; then additional slow mix- 
ing equipment or coagulators with 20 
to 30 min. contact would be 
needed to build up the ferrous hy drox- 


time 


ide floc to a settleable condition and 
to provide the intimate contact neces- 
sary for gathering all of the emulsi- 
fied oil into the floc. Finally, without 
increase in velocity sufficient to de- 
st roy the flow sO laboriously prepared, 
the coagulated flow would have to be 
transferred to the clarifier basin which, 
should not be doubled or 
tripled in size to handle this ‘‘gath- 
rather ‘integrated ”’ 
The term ‘‘integrated’’ as 


in turn, 
ered’ than an 
tloe form 
used here to describe the floc formed 
in the Cyelator is intended to conve) 
the picture of a heavier, more rapidly 
separated tloe formed when precipita- 
tion is allowed to take place only in the 
presence of previously formed precipi 
tates 

This explains why the Cyclator could 
be used in place of the clarifier, but 


not vice-versa. In addition, the Cy 
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clator might, if used in the first stage, 
he pressed into service in parallel with 
the second stage unit were it ever nec- 
essary or advisable to handle flows far 
above design flows pending expansion 
of the plant. 

Dry feeders of the continuous rib- 
bon, manually adjusted feed control 
type are in use on the hydrated lime 
feed and for any ferrous sulfate that 
may have to be fed over that contained 
in the pickle acid. Worthy of special 
mention is the batch type of activated 
here. It should be 
pointed out that were the flows greater, 
a continuous feeder could 
used; there is one of these in opera- 
tion at Monroe, Mich., on a white water 
application of the Cyclator. 

There is considerable evidence that 
the activated silica reduces the amount 
of coagulant 


silica feeder used 


have been 


for gathering 
all the oil and reducing the bulk of the 
precipitates formed. It may 
that the character of the sludge from 
a dewatering standpoint is favorably 
affected by the silica. 


necessary 


also be 


With reference to the precipitation 
of ferrous hydroxide, there have been 


some questions raised as to why either 
alum or the form of 
water 


ferric iron was 
treatment 


these latter two are generally favored 


not used, since in 


as better coagulants. One obvious an- 
swer is that ferrous sulfate is present 
in the pickling acid as one of the 
‘wastes’? which dis- 
into the untreated. 
Its acid character could be used to re- 


could not be 
charged stream 
duce the pIL to provide a more favor- 
break- 
reducing 
for the chromitum and as a c¢o- 
agulant oil; 
further, its ability to maintain a re- 


able environment for emulsion 
it 


avent 


could be used 


asa 


and absorbent for the 


ducine environment could be counted 
help 


rust 


on to preserve the equipment 
mainte- 
its useful- 
match it off 
and acid 
problems, it seemed wise to augment 


and thus reduce 


Ilavine 


Prom 
recognized 
decided to 

alkaline 
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any deficiency of ferrous sulfate in the 
pickle acid with purchased ferrous 
sulfate if only to simplify the work of 
the operator. 

The wisdom of Mr. Unwin’s decision 
in this respect has been proven more 
than once by the flexibility of the plant 
over a wide range of concentrations 
under the part-time attention of a 
single man. There is evidence, too, 
that the exclusive use of the ferrous 
coagulant has yielded several bless- 
ings that were not fully anticipated. 
For one, it was expected that stronger 
reducing agents than ferrous sulfate 
might have to be used when the con- 
centrations of chromium in the raw 
waste were low; with the mass action 
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PLANT S11 
of the generous quantities of ferrous 
iron present, need for a stronger re- 
ducing agent has not vet been encoun- 
tered. For another, unusually favor- 
able action of the sludge in the lagoon 
has been observed, quite possibly due 
to the oxidation of the ferrous to ferric 
hydroxide in the lagoon. Such bene- 
fits would not be anticipated when 
using either ferric iron or alum pre- 
cipitation. Finally, over quite a lib- 


eral range of pIl the amount of fer- 
rous iron left in solution in the treated 
effluent is quite small and, even after 
oxidation, represents usually only 5 to 
10 p.p.m. of turbidity and only 2 to 
5 p.p.m. of iron. 


PROFITABLE WASTE TREATMENT 


Construction has been completed 
aud preliminary operations — have 
started at the new $500,000 Maneely 
Chemical Company plant at Wheat- 
land, Pennsylvania. Designed origi- 
ually to solve at a profit the pickle 
liquor disposal problem of the parent 
companies, manufacturers of tubular 
metal products, the process is attract- 
ing wide attention throughout the steel 
industry and among industrial waste 
disposal engineers. 

The process at Maneely utilizes two 
waste materials—spent pickle liquor 
and zine wastes resulting from the 
valvanizing process—from the opera- 
tious of the parent companies to make 
three salable products: ferric hydrate, 
zine sulfate, and zine chloride. Liquid 
chlorine is the only other raw material 
necessary in this original process. 

The spent pickle liquor contains fer- 
rous sulfate up to 22 per cent and free 
sulfuric acid up to 1 per cent. The 
zine Wastes are salskimmings having a 
total zine content of about 50 per cent. 
They include metallic zine, zine oxide, 
zine chloride, zine oxy-chloride, am- 


monium chloride, iron and waste mat- 
ter, and zine ash having a zine content 
of approximately 75 per cent and com- 
posed chiefly of metallic zine and zine 
oxide with small amounts of chlorides 
and iron. 

The reactions involved are the dis- 
solution of the zine to take up the acid 
ions and the precipitation of the iron 
as ferric hydrate. Because zine oxide 
dissolves in the pH range below 5, the 
iron hydrate precipitates in the range 
above 2, these materials are well suited 
to the reaction. If the ferrous ion is 
oxidized to ferrie between pH 2 and 5, 
the iron sulfate will hydrolyze and 
precipitate as ferric hydrate, as the 
zine takes up the acid ions freed in this 
hydrolysis. The speed of the reaction 
is influenced by heat, because it tends 
to cause rapid coagulation of the ferric 
hydrate gel and rapid solution of the 
zinc. The problem of resistance to 
chemical corrosion in the wet process 
was solved by using all monel piping 
and valves, together with g@lass-lined 
monel reactors. 
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By Puiuie F. Morgan 


Associate Professor of Sanitary Engineering, State University of Iowa; formerly Development 
Engineer, National Council for Stream Improvement, Kalamazoo, Michigan 


The development of methods for 
treating deinking waste to prevent ex- 
cessive pollution in the receiving 
stream has been a major project of the 
National Council for Stream Improve- 
ment for the past three years. The 
early work at the Mellon Institute of 
Industrial Research (1) had indicated 
that the B.O.D. and solids removal ob- 
tained by simple sedimentation or 
chemical coagulation and sedimenta- 
tion would not be adequate in many 
cases. Later work carried on at Kala- 
mazoo College (2) had indicated that 
biological treatment of deinking waste 
would be feasible. Pilot plant work 
Was necessary to confirm the labora- 
tory studies and to obtain design data. 
The pilot plant was also needed so de- 
velopment work could be carried for- 
ward on possible methods of utilizing 
or disposing of the treatment process 
by-products, the primary and second- 
ary sludges. 

The pilot plant as originally built 
(Figure 1) consisted of a primary 
settling tank, an aeration tank, a final 
settling tank, an air-lift pump for re- 
turning the secondary sludge, a final 
effluent measuring weir with recording 
meter, an indicating air flow meter, 
and the necessary valves and piping 
for operating the plant and for with- 
drawing and measuring the primary 
sludge and excess secondary sludge. 
A small trickling filter was later built 
and placed in operation to determine 
the practicability of this method of 
treatment, as an alternate to the aera- 
tion small lagoon was 
placed in operation to study the prac- 
ticability of lagooning the primary 


sludge. 


process. A 


The plant was in continuous opera- 
tion from July 17 until November 25, 
1947, when freezing weather inter- 
ferred with further work. Through- 
out this period of operation, flow and 
process control data were obtained 
daily. Treatment efficiencies were de- 
termined by analysis of raw waste, 
settled waste and final effluent samples 
twice a week, each sample being a 9- 
hr. composite. This sampling schedule 
was considered adequate the 
quantity of flow to the pilot plant was 
held constant for each period of oper- 
ation and there was little variation in 
the quality of the waste because the 
deinking operation is continuous. 

All analyses with the exception of 
the suspended determination 
were made in accordance with ‘‘Stand- 
urd Methods’’ (3). Standard dilution 
water seeded with '4 per cent fresh 
settled sanitary sewage was used for 
B.O.D. dilutions, and dissolved oxy- 
gen was determined by the Winkler 
method using the sodium azide modifi- 
eation. The pH! was determined with 
a Beckman Model G pH meter and 
turbidity with a Jackson turbidimeter. 
The suspended solids content of the 
mixed liquor was determined by the 
vacuum filtration method using What- 
man No. 2 paper as the filtering media. 
The suspended solids content of the 
raw waste, primary effluent, and final 
effluents was determined by difference 
between the dissolved solids and the 
total solids of the sample, as it was 
found that this waste could not be sue- 
cessfully filtered because of the large 
amount of fine clay in suspension. 
The dissolved solids content of the 
sample was determined by evaporating 
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FIGURE 1.—The pilot plant. 


the clarified liquor to dryness after 
centrifuging the sample for 5 min. at 
4500 r.p.m. 


Raw Waste 


The raw waste B.O.D. during the 
period the pilot plant was in operation 
averaged 620 p.p.m., the pH averaged 
9.36, the suspended solids 2670 p.p.m. 
and the suspended volatile 31.2 per 
cent of the suspended. This is typical 
of the waste from other deinking mills, 
so the results are indicative of what 
can be expected elsewhere. 


Primary Treatment 

The primary tank was 5 ft. 6 in. by 
10 ft. in plan with a hopper bottom 
having 60° side slope and a total water 
depth of 9 ft. 6 in., thus providing a 
total volume of 2590 gal. or a net vol- 
ume of 2140 gal. with allowance for 
sludge storage. The flow was distrib- 
uted across the inlet end of the tank 
with a 3 ft. deep baffle in an attempt 
to divert the warm influent into the 
lower portions of the tank and thereby 
reduce short circuiting across the top. 


An outlet scum baffle was installed, but 
there was never any scum in evidence 
so that the need for such a baffle is not 
indicated in future designs. 

Primary sludge was removed once 
or twice daily by gravity to a measur- 
ing barrel with little difficulty except 
that it was necessary to work the 
sludge down the sides of the 60° hop- 
pers with a squeegee to start it flowing. 
No difficulty with sludge removal is 
anticipated in a conventional sedimen- 
tation tank equipped with a collector 
mechanism. 

All data obtained on the character- 
istics of the raw and settled waste and 
the operation of the primary tank for 
the 23-day period from October 13 to 
November 4 are summarized in Table 
I. Space limitations make it impos- 
sible to present similar data for other 
periods of flow; however, the complete 
data are available in the National 
Council report on this project (4). 

As a control on the sedimentation 
efficiency of the primary tank, a por- 
tion of each sample of raw waste was 
settled in the laboratory for 1 hr. in 


: 
|| 
‘ 
- 
: 
ee 


old SEWAGE 
TABLE I.—-Primary Treatment Summary 
Data; Period E—-October 13 to 
November 4, Inclusive 


Average Flow (g.p.d.). 53,300 


Primary Settling Period (hr 
Raw Waste 
Temperature (°C.) 
pH 
Suspended Solids (p.p.m. 
Volatile Suspended (% 
B.O.D. (p.p.m.) 


I mhoff Settled Waste 
Suspended Solids (p.p.m. 
Removal (%) 
B.O.D. (p.p.m 
Removal %) 
Primar Ef ent 
pH 
Suspended Solids (p.p.m 
Volatile (% 
Removal (% 
B.O.D. (p.p.m. 


Removal (%) 


Prima S/ ulge 


Volume’ (g.p.d 
Total Solids 
Volatile 


an Imhotf cone and analyzed for total 
solids, suspended solids, and 
The results indicate that the 
removals in the primary tank 
very nearly equal to those in the con 


B.O.D. 
B.O.D. 
were 
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trolled settling test, but that the sus 
pended solids removals in the primary 
tank were only 34 per cent as compared 
to 46 per cent in the Imhoff 
Comparable data from other periods 
of operation indicate that the addi- 
tional material settling out in the lab- 
oratory settling tests must be clays and 
carbonates having a negligible B.O.D. 

The quantity of solids removed by 
primary sedimentation, indicated 
by the difference in the suspended sol- 
ids of the influent and effluent, was 
considerably less than the solids re 
moved as indicated by the solids in the 
total volume of primary sludge. The 
higher solids content of the sludge is 
apparently due to the fact that it con- 
tains the additional solids washed out 
of the stock-washing equipment during 
periods of clean-up at the end of the 
when the influent and effluent 
were not being sampled, plus extra 
stock from overflows and leaks which 
were immediately corrected when the 
which 
might remain unnoticed for a consider- 
able period of time when samples were 


cone. 


as 


week 


waste was being sampled but 


not being collected. 
On the basis of the results obtained 
during 4 months* operation of the pilot 
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FIGURE 2.—Effect of primary tank detention period on removals. 
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plant, it appears that a suspended 
solids removal of 34 to 40 per cent, a 
».O.D. removal of 20 to 25 per cent 
and a primary sludge volume of 1.25 
to 2 per cent of the waste flow volume 
at a dry solids content of 8 to 10 per 
cent can be expected. 

The B.O.D. and suspended solids re- 
movals are shown in graphie form 
Figure 2) in relation to the sedimen- 
tation time in the primary tank. The 
effect of increasing the detention time 
from 1 to 2 hours is clearly indicated 
by increased suspended solids removals 
from 30 to 45 per cent, but there ap- 
pears to be no relation between B.O.D. 
and time. This 
lack of change could be expected since 
most of the B.O.D. is in solution and 
the material which settled out after the 
first hour of settling is largely clay and 
carbonates that have no oxygen de- 
mand 


removals detention 


Secondary Treatment by Air 
Diffusion 

The aeration tank was 12 ft. 6 in. by 
20 ft. in plan with a total water depth 
of 10 ft. and was built as small 
spiral flow tank. The settled waste 
and the returned sludge were fed in 
at the inlet end of the tank and the 
mixed liquor flowed out the other end 
over a weir extending across the full 
width of the tank. Air was diffused 
into the tank through a series of 24 
*\-in. perforated pipes installed along 
one side of the tank, 2 ft. above the 
bottom. The final settling tank was 


s ft. in diameter and was equipped 
With a motorized sludge collector simi- 


lar to a conventional eireular sedimen 
tation tank. 
to the inlet end of the aeration tank 
by the air-lift pump. When the sus 
pended solids content of the mixed 
liquor exceeded the desired concentra- 


The sludge was returned 


tion, excess sludge was drawn off from 
the return line to a measuring barrel. 

All data obtained in connection with 
the operation of the secondary treat 
ment process by air diffusion for the 
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23-day period from October 13 to No- 
vember 4+ are summarized in Table IT. 
Space limitations make it impossible 
to present similar data for other peri- 
ods of flow ; however, the complete data 
are available in the National Council’s 
report on this project (4). 

These data indicate that the proeess 
provides a practical means for the see- 
ondary treatment of deinking waste. 
Average B.O.D. removals of 68 per 
cent were obtained with an aeration pe- 
riod of 6 hr. and a return sludge flow 
of 35 per cent of the raw waste flow. 
It was indieated that this degree of 
B.O.D. removal would be sufficient to 
satisfy the loeal conditions. Conse- 
quently efforts were not directed  to- 
ward securing a higher degree of re- 
moval but toward obtaining this indi- 
cated degree of removal at minimum 


cost. 


TABLE II.--Secondary Treatment Summary 
Data; Period EOctober 13 to 
November 4, Inclusive! 


Average Flow (g.p.d.) 

Aeration Period (hr.) 

Final Settling Period (hr.) 

Return Sludge Flow (g.p.d.) . 
Per Cent of Waste Flow (%) 

Air Flow (ce.f.m.).. 
Air Flow Rate (c.f./gal.)... 

Sodium Nitrate Added (p.p.m. 


93,300 


Mixed Liquor 
Settleable Solids (%). . . 
Suspended solids (p.p.m.). 
Sludge Volume Index. . 
Oxygen Demand (p.p.m. /hr.) 
Dissolved Oxygen (p.p.m.) 
Waste Sludge 
Flow (g.p.d.) 
Suspended Solids (%) 
Final Effluent 
Suspended Solids (p.p.m. 
Volatile Solids (%) 
pH.. 
Turbidity (p.p.m.) 
B.O.D. (p.p.m.) 


Removal Raw to Final Effluent 
Suspended Solids (%) 
B.O.D. (%) 


Characteristics of raw 
Table I. 


Waste given 
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1.02 % 
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35.3 
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14.4 
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The B.O.D. removal remained prac- 
tically constant throughout the period 
of operation, with the aeration period 
varying from 6.0 to 11.4 hours. How- 
ever, the suspended solids conecentra- 
tion in the mixed liquor was gradually 
increased as the aeration period was 
reduced. Further operation data 
would be required to obtain the inde- 
pendent effect of these two variable 
factors. 

The successful operation of the plant 
at average mixed liquor suspended 
solids coneentrations varying from 
3200 p.p.m. to 6200 p.p.m. indicates 
that the process as applied to deinking 
waste will not be difficult to control. 
As long as sufficient air is supplied to 
maintain dissolved oxygen, only a mini- 
mum operation control will be needed 
to maintain the mixed liquor suspended 
solids within rough limits of concen- 
tration. 

The volume of air used in the pilot 
plant work (3.24 cu. ft. per gal. of 
waste) is comparable to the quantity 
which would be required for treating 
sanitary sewage of equivalent strength 
(0.5 cu. ft. per gal. per 100 p.p.m. 
B.O.D. in the raw waste), but it should 
be possible to reduce this requirement 
in a commercial installation. In the 
pilot plant the efficiency of air ab- 
sorption was extremely low because the 
diffusers were submerged only 8 ft. 
below the water surface and the slotted 
pipes were not as economical of air 
requirements as other diffusion equip- 
ment which breaks the air into finer 
bubbles. The question of improving 
the diffusion remains as a problem that 
must be investigated in Jater work. 

The addition of approximately 12.5 
p.p.m. of sodium nitrate to the settled 
waste was continued throughout the 
period of operation of the pilot plant, 
as the laboratory development work 
had indicated this as the optimum 
quantity (2). 

The operation of the pilot plant did 
not produce a clear effluent. The high 
turbidities, averaging 1600 p.p.m., in- 


dicate why the effluent was not much 
different than the raw waste in ap- 
pearance. The improvement after 
treatment is, however, readily appar- 
ent when the effluent is diluted with 
river water. The raw wastes maintain 
an apparent high turbidity with dilu- 
tions of 5 to 1, whereas the effluent 
turbidity is apparently greatly re- 
duced with similar dilutions. It must 
be clearly understood that the opera- 
tion of treatment plants similar to this 
pilot plant will not produce a trout 
stream effluent and that a sizable re- 
ceiving stream will still be required to 
assimilate the remaining objectionable 
material in the waste. 


Secondary Treatment by Trickling 
Filter 

A trickling filter was operated in 
parallel with the diffused air treatment 
units during the last 314 months that 
the pilot plant was in operation. The 
filter was 30 in. in diameter and 6 ft. 
deep with 2.5- to 3.5-in. stone chips as 
the filter media. The stone was con- 
fined with sheet metal side walls and 
adequate ventilation was provided for 
through the underdrains. Settled waste 
from the primary tank was discharged 
to the filter at intervals with a tipping 
bucket device. 

The filter was operated at the rela- 
tively low feeding rate of 300,000 gal. 
per acre-ft. per day or 9.3 gal. per 
hour. This rate was used because of 
the high strength of the waste and be- 
cause it was thought that ponding 
might develop because of the large 
amount of inert solids in the waste. 

This rate of flow was held constant 
throughout the period of operation. 
There was no indication of ponding 
at any time the samples of the effluent 
indicated continuous sloughing. Sam- 
pling of the filter effluent was in paral- 
lel with other pilot plant sampling. 
All composite filter effluent samples 
were settled 1 hr. in an Imhoff cone 
before being analyzed so results would 
be comparable to those that could be 
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expected from a full scale plant with 
a final settling tank. During the first 
56 days of operation there was no ad- 
dition of a nitrate salt, but for the last 
35 days sodium nitrate was added to 
the primary effluent at a rate of 12.5 
p.p.m. so results would be directly 
comparable to the diffused air treat- 
ment. 

The summary B.O.D. data for the 
two periods of operation are presented 


in Table ITT. 


TABLE III.—-Secondary Treatment 

by Trickling Filter 
Sodium 
Nitrate 


Addition; 
12.5 p.p.m. 


Without 
Nitrate 
Addition 


Raw Waste B.O.D. 
(p.p.m.)... 507 
Primary Effluent B.O.D. 


(p.p.m.)... 
B.O.D. Removal Pri- 
mary Treatment (%). . 
Settled Filter Effluent 
B.O.D. (p.p.m.)... 
B.O.D. Removal Com- 
plete Treatment (%)... 


The addition of sodium nitrate did 
not improve the B.O.D. removals, but 
since operations with and without the 
nitrate additions were not parallel 
there is no final proof that the nitrate 
was not of some value. The average 
B.O.D. removals were not sufficiently 
high in either period to meet treatment 
requirements for this waste, and there 
does not appear to be any reason to 
believe that this degree of treatment 
could be materially increased. Further 
work on the use of the trickling filter 
as a method of treating deinking waste 
is, therefore, apparently not justified. 


Primary and Secondary Sludge 
Disposal 


The disposal of the by-products of 
the treatment of deinking waste, the 
primary and excess secondary sludge, 
was one of the major problems to be 
solved in conjunction with the pilot 
plant studies. It had been impossible 
to work on this problem prior to the 
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operation of the pilot plant because 
adequate samples of these sludges were 
not available and could not be made 
available in the laboratory studies. 
Work on this problem was started as 
soon as the pilot plant was under way 
and the results obtained are discussed 
in the following paragraphs. 


Characteristics of Sludges 


Primary sludge withdrawn from the 
primary settling tank averaged 8.8 per 
cent solids with a volatile content of 
41 per cent. The average quantity 
withdrawn was 610 gal. per day or 
1.58 per cent of the raw waste flow. 
The maximum variation in solids con- 
centration of this sludge was from 6.6 
to 12.1 per cent. The higher solids 
coneentrations were ordinarily associ- 
ated with a lower volatile content, in- 
dicating the presence of a higher pro- 
portion of clay in relation to the fiber 
content. Compaction of this primary 
sludge took place in a relatively short 
time and tests indicated that further 
compaction in concentration tanks 
would not be justified. 

The secondary sludge withdrawn 
from the final tank averaged 1.82 per 
cent suspended solids and the average 
volume of 1790 g@.p.d. was about 4.5 
per cent of the total waste flow. Longer 
settling times than afforded by the 
pilot plant showed by laboratory tests 
that this sludge would compact to 4 
to 7 per cent solids. One sample of 
secondary sludge from the final tank 
after being compacted for 24 hr. with 
the collector in operation, but without 
sludge return, had a solids content of 
14 per cent. It is, therefore, obvious 
that the waste secondary sludge could 
be further concentrated after discharge 
from the final tank to reduce its vol- 
ume to a minimum before being given 
further treatment. The data on the 
sludge held in the final tank for 24 
hr. indicate that this sludge ean be 
safely compacted for long periods and 
still be handled with conventional 
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pumping equipment. Based on the 
data available, a daily waste sludge 
volume of 1 per cent of the total waste 
flow at a solids content of 8 per cent 
would be a conservative estimate of the 
quantity of sludge resulting from a 
properly designed concentration tank. 


Lagooning 


Some preliminary data were ob- 
indicate the land area re- 
quired if the primary sludge were dis- 
charged direct from the primary tank 
to dump areas or to a lagoon. A small 
lagoon, with a maximum depth of 34 
in. and a capacity of 786 gal., was dug 
adjacent to the primary tank. 

Primary sludge was added daily for 
6 days until the lagoon was filled and 
additional Sludge then was added from 
time to time to keep it filled as the 
sludge compacted. The data obtained 
are shown in graphical form in Fig- 
ure 3. 

A total volume of 2521 gal. of sludge 
averaging 8.35 per cent solids and 43.7 
per cent volatile solids was added to 
the sludge beds in 70 days and at the 
end of that time oceupied a volume of 
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only 786 gallons. <At the end of 6 
months this same sludge had further 
compacted to 669 gal., which is 25.5 
per cent of the original volume. Sam- 
ples from a sand bed indicate that 
after freezing and thawing, further 
compaction may result in a sludge of 
50 per cent moisture content. At 50 
per cent moisture content the theoreti- 
eal volume of the sludge would be 16.7 
per cent of the original volume. 

The lagoon volume required for dis- 
posal of the primary sludge from a 1.0 
m.g.d. waste disposal plant would be 
3.7 acre-ft. per year for 6 months old 
sludge. After freezing and thawing, 
the volume required becomes only 2.48 
acre-ft. per vear. This volume is for 
primary sludge only and does not in- 
elude space for the secondary sludge. 
An additional factor of safety should 
be figured in any estimate of required 
lagoon area to provide for winter op- 
eration when freezing and wet weather 
may temporarily interfere with the nor- 
mal compaction rates. 

No serious problems appeared in econ- 
nection with the operation of the la- 


goon. At times there was an objection. 
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FIGURE 3.—Lagooning of primary sludge from treatment of deinking waste. 
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able odor from the sludge at the time 
it was discharged from the primary 
tank, but this odor carried only a few 
feet from the discharge pipe. The la- 
gooned sludge had an exceedingly dis- 
agreeable sour odor when picked up 
by the hands, but this odor did not 
carry any appreciable distance. There 
Was never any of free gas 


production from the lagoon. 


evidence 


Vacuum Filtration of Primary Sludge 

The vacuum filtration of primary 
sludge was considered as a possible al- 
ternate method of dewatering for lo- 
cations where lagoons might be objee- 
tionable or where adequate Jagooning 
land would not be available. 

A 0.1 sq. ft. filter leaf furnished by 
Oliver United Filters was used with 
either fleece canvas or 50-mesh screen 
as the filtering surface, for determin- 
ine filtering rates. Preliminary runs 
were made with No. 2 Whatman filter 
paper in Biichner funnels. All filtra- 
tion rate data from the filter leaf stud- 
ies were based on a filtration evele of 
25 sec. forming time, 50 see. drying 
time and 25 see. discharge and_re- 
entry time. 

The primary sludge was successfully 
filtered as it came from the primary 
settling tank without the use of co- 
avulants at filtering rates of 7.7 to 
10.2 lb. of dry solids per square foot 
of filtering surface per hour. Well 
100 runs with a wire 
filtering surface were completed in con- 
with some sludge utilization 
studies, and there was no indication 
of any filter clogging. 

Both the wire and the fleece canvas 
appeared to be satisfactory, although 
broke from the wire 
with than it did 
from The cake resulting 
from the filtration varied in dry solids 
eontent from 32.8 to cent. 
This is a eake whieh can be shoveled 
without difficulty and samples stored 
in the laboratory indicate there is no 
appreciable baeterial activity whieh 


over 50-mesh 


nection 


the cake away 


less back pressure 


the canvas. 


39.7 per 
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would make the storage of the cake 
objectionable. Mold growth developed 
on the surface under high moisture con- 
ditions. 


Vacuum Filtration of Secondary 
Sludge 


Secondary sludge was concentrated 
overnight for all filtration studies so 
the sample used would be comparable 
to that which would be obtained from 
a secondary sludge concentration tank. 

A satisfactory cake was not obtained 
without chemieal coagulation but by 
the addition of calcium oxide to elevate 
the pII to 12.0 or above satisfactory 
filtering conditions were established. 
Typical data are shown in Table IV. 

Fiftyv-mesh wire could not be used, 
but fleece canvas appears to be en- 
tirely satisfactory. hundred 
filtering runs were completed with see- 
ondary sludge coagulated with 15 per 
cent CaO (dry solids basis). 


Several 


Cake re- 
moval was completely satisfactory at 
all times and no eloth ‘‘blinding’’ was 
observed. The data indicate that 
vacuum filtration of secondary sludge 
will be suecessful when it is coagulated 
with 12 to 15 per cent CaO based on 
the dry solids content of the sludge, 
and a filter cake of 23 to 28 per cent 
solids can be expected at filtering rates 
of 14 to 24 Ib. of dry solids per square 
foot of filtering surface per hour. 


Vacuum Filtration of Mired Primary 
and Secondary Sludge 


The filtration of a mixture of pri- 
mary and secondary sludges was also 


tried. Results were not satisfactory 
without chemieal eoagulants, but when 
15 per cent FeCl, and 10 per cent 
CaO was added to the secondary sludge 
before it was mixed with the primary 
sludge, a satisfactory cake was  pro- 
duced on the 50-mesh wire. Two runs 
produced cakes of 31 and 33 per cent 
solids at filtering rates of 9.3 and 9.0 
Ib. of dry solids per square foot per 
hour. The mixture of the two sludges 
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TABLE IV.—Typical Data on Coagulation and Filtration of Secondary Sludge with CaO 


Cake Free 
of Filter 
Surface 


Rate | 
(Ib./sq.f./ 
hr.) | 


Filtrate Cake Solids | 
(ml.) | (%) | 


Biichner Funnel Filtration (one min.; Whatman No. 2 paper; 15-in. vacuum) 
pap 


A 12.0 
\ 12.4 
A : 8.8 
A 9.5 
\ 7.6 


Filter Leaf Filtration (2 


bo bo bo 


*Sample A: Total solids 14%; volatile solids 


7.23%; volatile solids 31% of total. 


after adding 15 per cent CaO to the 
secondary sludge was not tried, but 
it is entirely possible that this might 
be successful. It might then be prac- 
tical to filter the combination on the 
wire as well as on cloth. This should 
be investigated in any future studies 
on filtration of these sludges. 


Summary 


A pilot plant for treating deinking 
waste biologically was built and oper- 
ated during the summer of 1947 as a 
joint project of the Michigan Paper 
Company and the National Council for 
Stream Improvement. The plant was 
operated to obtain design and oper- 
ating cost data and to determine if the 
process for treating deinking waste as 
the National Couneil’s 
laboratories at Kalamazoo College 
would be practical in the larger semi- 
plant seale size. 

The operation of the primary sedi- 
mentation tank indicated that a 
pended solids removal of 34 to 40 per 
eent and a B.O.D. removal of 20 to 25 
cent obtained at detention 
periods of 1 to 2 hours. <A sludge of 
8 to 10 per cent solids content and a 


developed in 


per Was 


34 | 24.0 
16 30.4 


ec. form; 50 sec. dry; fleece canvas; 15-in. vacuum) 


96 
190 
235 


390 


22.9 
15.4 
17.0 


23.6 


wows 


27% of total; pH 7.6. Sample B: Total solids 


volume of 1.25 to 2 per cent of the 
volume of the raw waste was produced. 
The data further indicate that the re- 
movals obtained at a 1-hr. detention 
period were satisfactory for primary 
treatment of the waste preceding bio- 
logical treatment. Where primary 
treatment is to be used alone without 
further treatment, a somewhat longer 
detention time be 

Operation of the secondary treat- 
ment units indicated that the 
was successful in removing 68 per cent 
of the B.O.D. with an aeration period 
of 6 hours. This indicated 
us being adequate treatment for deink- 
ing waste, 


should considered. 


process 


has been 


under most existing con- 
ditions. 
The 


improve 


addition of a nitrogen salt to 
the treatment 
would present a sizable operation cost 
if continued throughout the vear, but 
if used only during 4 months of the 
summer it would be 
prohibitive. 


efficiency of 


appear not to 

The effluent discharged to the river 
from the final settling tank was very 
turbid, 
bidity. 
to fine 


averaging 1600 p.p.m. of tur- 
The turbidity is largely due 
suspended clay which is not 
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deleterious to aquatie life, but the 
effluent will not differ appreciably in 
appearance from the raw waste. The 
effectiveness of treatment must, there- 
fore, be judged on the basis of the 
analysis of the samples and not on 
the basis of visual observation. 

The operation of a small trickling 
filter plant in parallel with the air 
diffusion treatment units indicated that 
B.O.D. removals of only 40 to 50 per 
cent could be obtained with the filter. 
On the basis of the limited data ob- 
tained, this method of treatment does 
not appear practical for deinking 
waste. 

The operation of a small lagoon indi- 
cated that primary sludge can be dis- 
charged to a lagoon without creating 
a serious odor nuisance. In 6 months 
time or less the sludge will compact 
to 25 per cent of its original volume 
and after freezing and thawing there 
are indications that it will compact to 
about 50 per cent solids. At this 
moisture content it will support normal 
earth The 
could thus be reclaimed for other uses. 

Primary sludge was successfully de- 
watered on a vacuum filter to 32 to 
36 per cent solids at filtering rates of 
7.7 to 10.2 lb. dry solids per sq. ft. per 
hr. without the use of coagulants. At 
this solids content it can be readily 
shoveled and handled as a solid. 

Secondary sludge suecessfully 
filtered on a vacuum filter after coagu- 
lation with 12 to 15 per cent CaO based 
on the dry solids content of the sludge. 


loads. lagooned 
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A filter cake of 23 to 28 per cent solids 
was obtained at filtering rates of 14 to 
24 Ib. dry solids per sq. ft. per hour. 
Other coagulants tried were not satis- 
factory. 
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LIMITS FOR TOXIC WASTES IN SEWAGE 
TREATMENT * 


By Stuart E. 


CoBURN 


Chicf Chemist, Me tealf and Eddy, Consulting Enaineers, Boston, Mass. 


An examination of the recent litera- 
ture reveals a large number of articles 
describing the objectionable effeets of 
various industrial wastes on 


sewage 
treatment. The faetual evidence from 
these reports shows that these wastes 
troubles, from 
‘*retarded di 
vestion of sludge’’ to a complete break- 


have caused various 


‘excessive foaming’” or 


down of treatment plant facilities 

It is apparent that the deleterious 
effects of any industrial vary 
inversely with the dilution afforded by 


the sewage 


Waste 


Thus, the wastes from a 
certain industry in a small community 
might treatment 


disrupt the plant, 


whereas its effect in the sewage of a 


large city would be inconsequential 


Effects of Toxic Wastes 


The objectionable effects of an indus- 
trial waste may be due to one or more 
As an illus 
tration, In the manufacture of mouton 


of its various constituents. 


fur the following substances may cause 
trouble in treatment 
1. Grease and excess alkali from the 


scouring of the skins clog the sewers 


and retard biological 


Heavy suspended solids both from 
and the 


primary treatment. 


treatment. 


the washing tanning overload 


3. Toxie chromium from the mineral 
tan prevents digestion of sludge. 

1. Large quantities of organic ma 
terial having an excessively high oxy- 
overload oxidation 


gen demand proce 


eSSeS 


* Presenter Annual Meeting, 
Industrial Wastes 


August 26, 1948 


Cwentieth 
Penunsylvan ewage and 


Struts ol Pa., 


Other wastes 
acteristic effects. 
canneries, 


have their own char- 
Tanneries, breweries, 
textiles, 
rubber, metallurgical wastes, and nu- 
merous others, have different effects on 
sewave treatment. 


slaughter houses, 


Chromium salts, usually reported in 
the form of metallie chromium, have 
different different 


a sewage treatment plant. 


units of 
The ehro- 
mnium is in the trivalent form in spent 


effects on 


chrome alum in the wastes discharged 
from a mineral tan. 
Chromitun in this form will preeipitate 


almost quantitatively in an alkaline so- 


tannery Using a 


lution such as sewage, and will be re- 


moved as sludge to digestion. tanks, 


where digestion will be retarded or 


practically stopped. — If 
treatment is used there will probably 


be very little trouble biologically. On 


secondary 


the other hand, if the chromium com- 
pounds are discharged from a plating 
establishment or from anodyzing of 
aluminiun, the chromium is chiefly in 
the hexavalent form. Chromium ean- 
ordinary 
Therefore, the 


effect on sludge digestion is very much 


not be precipitated under 


conditions in this form. 


less. Tlowever, in the hexavalent form 
the chromium is much more toxie, and 
when present sufficient quantities 
will kill the organisms in filters or in 
The 
centration is controversial, 
reported to the writer that quantities 


activated sludge. tolerance con- 


It has been 


up to 25 p.p.an. can be handled con- 

Edwards found that shock 
about 40 
nitrification 


tinuously. 


loads of p.p.m. slowed up 


and caused deterioration 


in the appearance of activated sludge 


4 
‘uz 

= 
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effluent. Information is still lacking as 
to the quantity of chromium which is 
permissible in sewage under the follow- 
ing variable conditions: 


1. Type of chromium, trivalent or 
hexavalent. 

2. Type of sewage treatment, such as 
primary and secondary. 

3. Continuous flow versus shock loads 
over a period of a few hours. 


Copper is a toxie substance easier 
to evaluate. As reported by Mohlman 
an excess of 1 p.p.m. 
trouble. 

Acid-iron wastes have caused trouble 
at Worcester, Fostoria, and in many 
other places. 

Daily, weekly or monthly analyses 
have usually been reported. The ques- 
tion arises as to whether or not the 
trouble was caused by intermittent 
discharges of pickling liquors high in 
iron or acid content, or by a continuous 
discharge of wastes containing much 
smaller quantities of iron acid. 
Zine has been reported as detrimental 
to sludge digestion at Fostoria, Ohio. 

Cyanides of 5 p.p.m. discharged con- 
tinuously have an inhibiting effect on 
activated sludge treatment. Doses of 
20 p.p.m. are reported as having an 
immediate effect on activated sludge, 
but after removal of the cyanide, the 
sludge recovers. Siebert reports that 
as low as 1 p.p.m. is toxie to biological 
activities. On the other hand, filtration 
of much higher concentrations of ey- 
anide, through sand or coke breeze, has 
been suggested as a method of treat- 
ment. 


has caused 


From another point of view evanides 
should not be permitted in sewage be- 
cause of the slight possibility of acid 
wastes being present at the same time 
and therefore liberation of 
hydrocyanie acid. 

Brewery wastes have interfered with 
treatment at Jeanette, Penn- 
sylvania. It was found during a re- 
cent investigation that the B.O.D. 
population-equivalent of the waste 


possible 


sewave 


TOXIC WASTE LIMITS IN SEWAGE TREATMENT 


523 


from a single brewery was greater 
than the population of the entire city. 

Rubber wastes at Akron so. over- 
loaded the primary treatment units 
that the sewage plant reached its de- 
signed capacity long before the esti- 
mated time. 

Substances such as acids, alkalies, 
silt, plasties, and grease, which cause 
localized troubles in a sewer, may also 
cause serious results at the sewage 
treatment plant. 

Soluble cutting oils, while affecting 
treatment to some degree, are objec- 
tionable in that they pass through 
tanks unchanged and cause marked ob- 
jectionable effect on the 
of the receiving stream. 


appearance 


Control of Toxic Wastes 


The writer takes the view that in- 
dustrial wastes should be admitted to 
municipal sewer systems to the extent 
that they do not cause breakdown of 
the collection or treatment facilities 
either physically or biologically, or so 
overload the various units that the eftlu- 


TABLE I.—Concentration Limits for Toxic 
and Deleterious Wastes in Composite 


| Primary Treatment 
Names of Items | 

| No Sludge] Sludge 
| Digestion | Digestion 

pH index 

Total iron (p.p.m.) 

Copper (p.p.m.) 

Chromium (p.p.m.) 

Cyanide (p.p.m.) 


Oils—mineral Should be excluded by municipa 
ordinances. 


Oils—soluble 


Removed to maximum practica- 
| ble extent before discharge. 
Should be excluded by municipal 

ordinances. 
} Should be neutralized at source. 


Acetylene generation | Should be excluded by municipal 
sludge ordinances. 


*Page 22, “Report—Proposed Collection 
and Treatment of Municipal Sewage and In- 
dustrial Wastes,’’ Allegheny County Sanitary 
Authority (January, 1948). 
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ent is impaired to an objectionable de- 
gree. In other words, the presence of 
industrial wastes may cause tempor- 
ary overloading and accompanying 
operational vexations, but pollution 
abatement is nearer being solved and 
the public better served by treatment 
of all wastes possible with the sewage 
in one plant, under the supervision of 
competent operators. 

Whenever the proportion of wastes 
becomes so great that the sewage treat- 
ment plant becomes a wastes treatment 
plant, it is necessary for industry 
either to remove its wastes or to pre- 
treat them to an acceptable degree. 
New sewage treatment plants may be 
designed to handle the industrial wastes 
of the municipality if their character 
and quantity can be predicted. 

It is difficult but necessary that cer- 
tain limitations be placed on the quan- 
tity of objectionable or toxie sub- 
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stances that may be present in sewage 
as received at the treatment plant. 
Such limits have been proposed by the 
Allegheny County Sanitary Authority. 
Table IT has been taken from the Au- 
thority ’s recent report ‘‘ Proposed Col- 
lection and Treatment of Municipal 
Sewage and Industrial Wastes.’’ 

It is the writer’s opinion that if these 
concentration limits are met there will 
be no difficulty in treatment by the 
usual sewage treatment processes. In 
fact, it is probable that these limits 
ean be exceeded manifold for short 
periods without any harmful effect. 

A committee is needed to establish 
maximum limits of objectionable con- 
stituents of industrial wastes that are 
proposed to be treated with municipal 
sewage. 

[Note: A special sub-committee of 
the FSWA_ Research Committee 
created for this purpose in 191418.—Ed. | 


was 


NEW LIME BULLETIN ISSUED 


The National Lime Association has 
recently published a 71-page_ illus- 
trated technical book, known as Bul- 
letin 213, entitled ‘‘Lime Handling, 
Application and Storage in Treatment 
Processes." This book should prove 
particularly helpful to those interested 
in the design, equipment, and opera- 
tion of and industrial trade 
waste plants, municipal and industrial 
water treatment plants, and any 
chemical process where lime is used as 
a coagulant, precipitant, or neutraliz- 
ing agent. It constitutes a compilation 
of data on the principal methods of 
lime utilization in these fields ; describes 


sewage 


the types of feeders, slakers, hoppers, 
and solution pots; and presents the 
advantages and disadvantages of each 


type of equipment. Helpful pointers 
are given on the most efficient method 
of handling and feeding lime in dry or 
slurry form. related informa- 
is also given on other treatment 


Some 
tion 
chemicals. 

Single complimentary copies may be 
obtained by writing directly to the 
National Lime Association, 927 Fif- 
teenth Street, N.W., Washington 5, 
D. Additional copies ean be pur- 
chased at 50¢ each plus postage. 
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Stream Pollution 


INTERNATIONAL JOINT COMMISSION STUDY 
OF THE DETROIT RIVER * 


By M. LEBosQueEt, Jr. 


Senior Sanitary Engineer, U. S. Public Health Service, Cincinnati, Ohio 


Between the United States and our 
Canadian neighbor is an international 
boundary four thousand miles long. 
This boundary is virtually undefended 
and the two commonwealths have lived 
peacefully side by side for over a cen- 
tury. lIlowever, no two countries, any 
more than two States, can be expected 
to get along without occasional dis- 
agreement on mutual interests, in- 
cluding such matters as the quality 
and quantity of available water. To 
provide a systematic and equitable 
procedure for handling the friendly 
disputes of two good neighbors, there 
was negotiated a ‘* Treaty Between the 
United States and Great Britain Re- 
lating to Boundary Waters, and Ques- 
tions Arising Between the United 
States and Canada.’’ This treaty was 
signed at Washington on January 11, 
1909, and was ratified promptly by the 
Senate of the United States on March 
3, 1909. 

There are a number of sections of 
the treaty which are of interest in con- 
nection with the Detroit River. The 
preliminary article states in part 
that ‘‘Boundary waters are defined as 
the waters from main shore to main 
shore of . . . the international bound- 
ary ... or the waters of rivers flow- 
ing across the boundary.’’ Of some- 
what greater interest is a section of 
Article IV, which states ‘‘It is further 
agreed that the waters herein defined 
as boundary waters and waters flowing 
~ * Presented at Twenty-first Annual Meeting, 


Federation of Sewage Works Associations, De- 
troit, Mich., October 18, 1948, 


across the boundary shall not be pol- 
luted on either side to the injury of 
health or property on the other.’’ 
Finally, the treaty creates an Interna- 
tional Joint Commission to hear dis- 
putes and to conduct investigations 
itself or through agents. 

There is remarkable similarity be- 
tween the provisions of this treaty in 
regard to the control of pollution, 
enacted almost forty years ago, and 
recent enactments in regard to inter- 
state pollution. Publie Law 845, 
signed by the President June 30, 1948, 
reads in part as follows: ‘‘The pollu- 
tion of interstate waters in and ad- 
jacent to any State or States... 
which endangers the health or welfare 
of persons in a State other than that 
in which the discharge originates is 
hereby declared to be a publie nui- 
sance and subject to abatement as 
herein provided.’’ Similarly, the Ohio 
River Valley Water Sanitation Com- 
pact reads in part as follows: ‘‘ Each of 
the signatory States pledges ... the 
control of future pollution in and 
abatement of existing pollution from 
the rivers, streams and waters... 
which flow through, into, or border 
upon any ... signatory States. — 


Survey of 1913 


On August 1, 1912, the two govern- 
ments referred the matter of pollution 
of boundary waters to the Interna- 
tional Joint Commission for investiga- 
tion, in a two-point reference: first, to 
determine if such waters were being 
polluted so as to be injurious to the 
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public health and unfit for domestic 
or other and, deter 
mine what remedies were possible and 
The actual work in) con 
nection with this assignment started in 
1915. under the direction of a Board 
headed by Dr. Allen AA. MeLaughlin 
of the Public Health Other 
members of the Board were Dr. J. W. 
S. McCullough, Chief Health Officer 
of Ontario, and Dr. John A. Amyot 
and Dr. F. A. Dallyn, both of the On- 
tario Board of Health. One man in- 
timately connected with the 1915. sur- 


Wses second, to 


advisable 


Service. 


vey is playing a prominent part in the 
being conducted. This is 
Envineer V. DeLaporte, 
in charge of the Experimental Station 
of the Ontario Department of Health 
at Toronto. Following the field work 
in 1913, the International Joint Com- 
mission called upon a 
prominent engineers and. scientists to 


survey how 
Chemical 


number of 


assist in answering a series of ques 
tions. The list of engineers and scien- 
tists, which reads like ** Who’s Who in 
Sanitary included 
such as Fuller, Phelps, Whipple, Lea. 
Lafreniere, and Dallyn. 


In reading over the various reports 


Science,”’ names 


and proceedings of the 1915) survey, 
one is struck forcibly by the fact that 
the prime concern, almost to the ex 
clusion of other factors, was with the 
question of bacterial pollution. One 
cannot help but reflect that in’ those 
from the 


standpoint of water-borne disease to a 


days life was hazardous 
vastly greater degree than it is today 

The 1913 
mission investigation on pollution of 


deal 


reaction. 


International Joint Com 
waters created a great 
of interest and = favorable 
It constituted ohne of the 
that waters in an extensive area such 


boundary 


first) times 
as from the St. Lawrence River to the 
Rains 
vestigated from the standpoint of pol 
lution. 
covered, a total of eighteen laborato 
ries was used in carrying out the work, 


River had been thoroughly in 


Beeause of the extensive area 


ten laboratories being located in 
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United 
revenue 


States, 
cutter. 
The total number of sampling stations 
exceeded 1500, and the number 
of samples examined exceeded 18,000. 


seven in the 
8. 


Canada, 
and one on a 


used 


The conclusions of the International 
from the 
vey were submitted in a 


Joint Commission 1913 sur- 
commiunica- 
tion to the two governments on August 
12,1918. The Commission found that 
pollution existed in contravention of 
the spirit of the treaty, and concluded 
that ‘‘It is feasible and practicable, 
Without imposing an unreasonable 
upon the offending 


prevent or 


burden communi- 
remedy pollution 
both in the case of boundary waters 
the boundary.”’ 


The Commission recognized that pollu- 


ties, to 


and waters crossing 
tion was a continuing problem, and 
recommended that the 


Joint Commission be 


International 
viven ‘Sample 
jurisdiction to regulate and prohibit 
this pollution of boundary waters and 


waters crossing the boundary.” 


1946 Survey 
1918 until 
Inajor activity of the Commission in 

One 
water 


Krom 1946 there was noe 
connection with water pollution, 
that either the 
problems oft 


must conclude 


pollution international 
been suffi- 
ciently critical to cause the matter to 
be brought 
the local State and Provincial authori- 


boundary waters have not 


before the Commission or 
ties cooperated to solve such problems 


In 1946 the matter of 
tastes and odors in the Detroit River 


as had arisen 


Was primarily responsible for a refer- 
ence from the governments of the 
United States and Canada to the In- 
ternational Joint Commission, direct- 
ine the Commission to ‘inquire into 
two vovernments 


and report to the 


upon the following questions : 


1) Are 
the preceding paragraph, or any of 


the waters referred to in 


them, actually being polluted on either 
side of the boundary to the injury of 


Bee 
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health or property on the other side of 
the boundary? 

“*(2) If the following question is 
answered in the affirmative, to what 
extent, by what causes, and in what 
localities is such pollution taking 
place? 

“*(3) If the Commission should find 
that pollution of the character just re- 
ferred to is taking place, what meas- 
ures for remedying the situation would, 
in its judgment, be most practicable 
from the economic, sanitary, and other 
points of view? 

**(4) If the Commission should find 
that the construction or maintenance 
of remedial or preventive works is nec- 
essary to render the waters sanitary 
and suitable for domestic and other 
uses, it should indicate the nature, lo- 
cation and extent of such works, and 
the probable cost thereof, and by whom 
and in what proportions such cost 
should be borne.”’ 


This reference was dated April 1, 
1946, and referred specifically only to 
the St. Clair River, Lake St. Clair, and 


the Detroit River. On October 3, 
1946, the reference was amended to in- 
clude the St. Marys River from Lake 
Superior to Lake Huron, including the 
important Sault Ste. Marie locks, and 
finally, on April 2, 1948, the reference 
was again amended to include the Ni- 
agara River from Lake Erie to Lake 
Ontario. This paper is concerned pri- 
marily with the Detroit-St. Clair River 
section of the broad survey activity. 

Following receipt of the reference, 
the International Joint Commission 
called a meeting on May 15, 1946, at 
Montreal, at which discussions were 
held with personnel of the Canadian 
Department of Health and Welfare, 
the Ontario Department of Health, the 
U.S. Public Health Service, and the 
State of Michigan. The Commission- 
ers at that time were Charles E. Stew- 
art, Chairman, and Joseph E. Per- 
rault, for the Canadians; and A. ©. 
Stanley, Chairman, and Roger B. Me- 
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Whorter, for the U. S. Section. On 
the death of Mr. Stewart early in 1947, 
Mr. Perrault was appointed Canadian 
Chairman and George Spence was ap- 
pointed as the second Canadian mem- 
ber. Early in 1948, Chairman Perrault 
died and the Canadian Section now 
has but one Commissioner. 

Also present at the May 15, 1946 
meeting were eight individuals who 
were later appointed to a Board of 
Technical Advisers. These included: 
for Canada, G. H. Ferguson and W. R. 
Edmonds of the Department of Na- 
tional Health and Welfare, A. E. 
Berry and A. V. DeLaporte of the 
Ontario Department of Health, and, 
for the United States, J. K. Hoskins 
and the writer, of the U. S. Public 
Health Service, John M. Hepler of the 
Michigan Department of Health, and 
L. F. Oeming of the Michigan Stream 
Control Commission. Mr. Hoskins and 
Mr. Ferguson were designated, respec- 
tively, as United States and Canadian 
chairmen. Following the retirement 
of Mr. Hoskins on January 1, 1948, 
L. M. Fisher was designated the U. 8S. 
Chairman for the remainder of the 
activity. The Board has met at month- 
ly intervals, with few exceptions, start- 
ing in July, 1946, for the purpose of 
furnishing general technical direction 
of the activity. The actual field work 
is carried out by U. S. and Canadian 
technical staffs, working in close co- 
operation with State and Provincial 
pollution control authorities. The 
technical staffs from the two countries 
are quite separate but are in constant 
communication one with another and 
work in close cooperation, so that the 
final report will be a unified document. 

Investigations of sources of pollu- 
tion and of water uses are divided 
along national lines, the U. S. teehni- 
cal staff conducting this work on U.S. 
territory, and the Canadian technical 
staff conducting this work on Canadian 
territory. 

Early in 
U. S. and 


the survey activity, the 


Canadian staffs reached 
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agreement on details of analytical 
methods, starting with the Ninth Ed- 
ition of ‘‘Standard Methods for the 
Examination of Water and Sewage’’ 
in all eases and confining the work to 
these standard methods wherever pos- 
sible. Likewise early in the investiga- 
tion, agreement was reached in regard 
to sampling ranges, descriptions of 
sampling points, and numerous other 
details of operation. 

The International Joint Commission 
survey is of considerable interest be- 
cause of the number and character of 
the organizations furnishing coopera- 
tion during the activity. 

Primary responsibility for the Ca- 
nadian technical staff rests with the 
Canadian Department of National 
Health and Welfare. However, Mr. 
DeLaporte, of the Ontario Department 
of Health, directs staff activities. On 
the United States side, the technical 
staff consists of U. S. Public Health 
Service personnel. 


The Royal Canadian Mounted Police 


Coastal Patrol, the U. S. Coast Guard, 
and the Corps of Engineers, Depart- 
ment of the Army, furnished sampling 
boats and crews. The Royal Canadian 
Air Foree and the U. 8. Air Force 
furnished film, planes and airmen for 
taking numerous excellent air photos 
in black and white and in color of the 
international waters under investiga- 
tion. The Corps of Engineers and the 
U.S. Lake Survey furnished maps and 
navigation charts, flow records and as- 
The U.S. 
Geological Survey installed and oper- 
ated tributary gauging stations as a 
contract service for the Publie Health 
Service. 


sistance during float studies. 


Assistance by the Provinee of On- 
tario and the State of Michigan has 
included the valued services of four 
members of the Board of Technical 
Advisers. In addition, the Province 
and State have made arrangements for 
industrial waste studies, have attended 
conferences, have assisted with muniei- 
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palities, and have furnished valuable 
record information. 

Municipalities have cooperated 
throughout, and the waterworks de- 
partments of Sarnia and Windsor, On- 
tario, and Detroit, Michigan, have 
furnished space for laboratories. These 
laboratory locations have been desir- 
able, as the two staffs have been able 
to consult frequently with the water- 
works operators and to be on hand 
when changes in water quality oe- 
curred. 

The number of individuals on the 
two staffs has varied from time to time 
up to a maximum of six regular and 
six summer employees for the Cana- 
dian and 15 regular and two summer 
employees for the U. S. staff. A. V. 
DeLaporte, assisted by W. R. Edmonds, 
has directed the Canadian field staff. 
Hayse H. Black, succeeded by Ralph 
(. Palange, directed the U. S. field 
staff. 

Special mention should be made of 
the consultation service, the more diffi- 
cult analytical work, the work on the 
development of analytical methods, and 
the research conducted by the staffs of 
the Toronto Experiment Station and 
the Water and Sanitation Investiga- 
tions Station at Cincinnati. Some of 
the most valuable findings of the Inter- 
national Joint Commission  aetivity 
have resulted from activities of these 
two research organizations. 

The work on the eighty-odd miles of 
the St. Clair River, Lake St. Clair and 
Detroit River was completed in Au- 
gust, 1948, at which time the laboratory 
activities terminated. During the ac- 
tive working period, from 60 to 80 
samples per day from lakes, rivers, 
municipal intakes or industrial dis- 
charges, were examined. Approxi- 
mately half of the samples were col- 
lected and examined by the U. S. 
Section and half by the Canadian See- 
tion. The total number of samples 
collected in the Detroit-St. Clair area 
from the start to the finish of the 


survey, by the two field staffs, was 
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12,000, on which some 60,500 
vidual determinations were made. 

In studying industrial wastes in the 
area, it was the practice to hold con- 
with industrial officials, se- 
curing all possible information in this 
manner, plus supplementah information 
available in State and Provineial files. 
A total of about 50 engineering stu- 
dies and reports were prepared by the 
U.S. Section. In addition, on 23 of 
the critical industries—11 the 
United States and 12 in Canada— 
where insufficient information was 
available from State and Provincial 
files, detailed sampling and gauging 
studies were made. The Canadian See- 
tion studied four industries and con- 
fined laboratory work to catch samples. 
During the U.S. industrial waste stud- 
ies, the samples collected were divided 
between the Public Health Service lab- 
oratory, the State laboratory, and in- 
dustry. 


indi- 


ferences 


with all industrial 
the Board of Technical 
Advisers found it necessary to go to 
the International Joint Commission 
and obtain authority to receive confi- 
dential information with assurance to 
the industry that such information 
would be kept confidential, and au- 
thority also to release the industrial 
Waste reports, when accepted by the 
Board of Technical Advisers, to the 
industry for its information. 

The work on the Detroit River and 
the St. Marys River is now completed 
as far as field activities are concerned, 
and there remains the highly important 
activity of preparing a summary and 
report to the International Joint Com- 
A limited staff, consisting of 
two engineers, a draftsman and a ste- 
nographer, is now maintained by the 
Public Health Service at Detroit, en- 
vaved in this activity. Canadian staff 
work on the report is proceeding at 
Toronto and Ottawa. While it eannot 
be stated definitely when the report 
will be completed, it should be noted 
that the U. S. appropriation, specifi- 


In connection 
waste studies, 
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DETROIT RIVER 
cally designated for boundary waters 
pollution survey work in the Detroit 
area, will expire June 3O, 1949. 

The fourth question in the 1946 ref- 
erence to the International Joint Com- 
mission has caused the Board of Tech- 
nical Advisers concern, 
The task of determining the nature 
and extent of remedial work for in- 
dustrial wastes, as well as determining 
the probable cost thereof, would appear 
to be one of considerable magnitude. 
In order to secure information to as- 
sist in answering this particular ques- 
tion, as well as to serve many other 
purposes, hearings have been held be- 
fore the Commission, at which hearings 
industry has been asked to supply the 
answer to the question. Most of the 
industries of the area have already 
been heard at hearings during June 
and September, at which it was re- 
vealed that the of facilities to 
correct industrial pollution will ap- 
proximate — $6,100,000. Additional 
hearings are planned for November, 
at which municipalities are to be the 
principal participants. 


considerable 


cost 


Statement of Objectives 

The Board of Technical Advisers 
realizes that it would be less than rea- 
sonable to ask industries to present cost 
estimates without at the same time giv- 
ine these industries some idea as to 
the objectives to be attained. Conse- 
quently the Board, early in 1948, 
drafted preliminary objectives, sub- 
ject to change as the work continues. 
These tentative objectives were adopted 
by the International Joint Commission 
at its meeting in April, 1948, and were 
released at that time. A summary of 


the objectives is presented on page 
831 of the September, 1948, issue of 
Tus JouRNAL, and the objectives are 
printed in full in the September 17, 


1948 
ports. 

While the objectives are stated 
largely in general terms, there are a 
few values which are of interest. 


issue of the Public Health Re- 
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Keeping in mind that these are not 
final figures, the numbers are as fol- 
lows: pH range of 5.5 to 10.6 in efflu- 
ents; iron, 17 p.p.m. in terms of Fe 
in effluents; odor (threshold) 8 in the 
boundary waters due to added ma- 
terial; oil, 15 p.p.m. in effluents. 

The objectives also contain a figure 
of 10 parts per billion in effluents, or 
90 per cent purification in phenol or 
phenolie equivalents. The Board soon 
realized that this figure was unreason- 
ably low, and the following statement 
was drafted and inserted in the min- 
utes: 


‘Discussion has taken place in the 
Board as to whether the 10  p.p.b. 
phenol or phenol equivalent is too 
stringent. Communications from some 
industries have expressed opinions that 
the figure is too low. 

Board takes cognizance of these 
opinions, but believes that in view of 
the preliminary nature of ‘the state- 
ment of objectives’ and the qualifica- 


tions placed on the 10 p.p.b. phenol 


or phenol equivalent limitation, a 
change should not be made at this time. 
It is suggested that for the time being 
the 10 p.p.b. limitation figure serve as 
the basis for welcome diseussion.”’ 


Analytical Methods 


While the Board drafted a set of ob- 
jectives which the Commission adopted, 
it was thought necessary also that the 
various constituents set forth in the 
statement of objectives should be de- 
fined. As a consequence, a committee 
on analytical methods was appoined 
and on October 6, 1948, the committee 
report was adopted by the Board of 
Technical Advisers and released to the 
publie. The procedures ineluded in 
the report are for iron, odor, oil, pH, 
and phenol. 


Float Studies 
Most of the lines of investigation 
pursued in the International Joint 
Commission survey of water pollution 
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were of the nature of standard pro- 
cedures, such as used in previous sur- 
veys. However, it is believed that the 
method of float studies used is some- 
what unusual and that the taking of 
air photographs of water pollution 
situations is of considerable interest. 

The float studies were important, as 
such studies should yield positive in- 
formation on the course of pollution. 
Consequently, considerable study was 
made of previous float studies, and eon- 
sultations were held with representa- 
tives of the U. S. Lake Survey Office 
and others. Two types of float studies 
were actually conducted. The first 
type was conducted by the Canadian 
staff using large submerged floats at 
various depths. This study was most 
important as it yielded information on 
currents below the effect of winds. The 
second type of float study was con- 
dueted by the U. S. staff using a great 
number of very small block floats. 
These small floats were °4 in. by 214 
in. by 3% in., and were painted 
orange, with the inscription lettered 
on as follows: 


“PLEASE FORWARD TO U. 8S. PUBLIC 
HEALTH SERVICE, WATER WORKS 
PARK, DETROIT 14, MICHIGAN, THE 
SERIAL NUMBER OF THIS FLOAT, 
THE DATE, HOUR, AND ACCURATE 
DESCRIPTION OF PLACE AT WHICH 
FOUND, AND YOUR NAME AND AD 
DRESS. REPLACE THE FLOAT IN 
THE WATER.” 


floats, numbered 
tively, were released at various points 
on the boundary waters and _ tribu- 


These consecu- 


taries, a note being taken of all re- 
The newspapers cooperated in 
a publicity campaign in 
with the float study. 

The returns from the findings of 
these floats have much 
than were expected. Since the start 
of the float investigation, 2880 floats 
have been released. As of September 
30, 1298 observations been re- 
ported, The 


leases. 


connection 


been 


have 


covering floats. 
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analysis of the data obtained from 
these reports will be a task of magni- 
tude. 


Conclusion 


The International Joint Commission 
water pollution investigation of the 
boundary waters has been an activity 
directed by the Commission, and the 
results obtained as a result of the in- 
vestigation will be reported back to 
the Commission. The Commission is 
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the organization which will draw con- 
clusions and make recommendations. 
The funetion of the Board of Techni- 
eal Advisers, and of all the cooperat- 
ing agencies, is to collect information 
and advise the Commission. The sani- 
tary engineering profession will find 
it necessary to @xercise patience in 
awaiting the final conclusions of the 
International Joint Commission. These 
conclusions will be submitted in final 
reports to the governments of the 
United States and Canada. 


DETROIT RIVER STUDY—A DISCUSSION 


By Joun M. Ilerier 


Director, Burcau of Enginecring, Michigan Department of Health, Lansing, Mich, 


When the Board of Technical Ad- 
Visers started this survey, one of the 
first considerations was the types of 
tests to be run. Comparison with the 
1913 survey was desirable where pos- 
sible. Changes in water use and 
pollution should be noted. Time, how- 
ever, made many comparisons im- 
possible. In 1913 there were no 
‘*Standard Methods’’; media for bae- 
teriological examinations were differ- 
ent; coliform indices were reported as 
Phelps indices on the presumptive 
test; typhoid fever morbidity and mor- 
tality rates were the best indices of 
pollution ; there were no determinations 
for phenol, cyanide, B.O.D., D.O. and 
pH. In fact, there was no industrial 
pollution--no chemical pollution. — It 
was all bacterial pollution. <As a re- 
sult, the field staff was asked to make 
all the recognized tests for polluting 
material, and only after it was shown 
that certain tests would be of no value 
in the appraisal of the extent of pollu- 
tion were they eliminated from the 
procedures. Partial elimination of the 
pH, alkalinity and chlorides determina- 
tions resulted from this procedure. 

Specifie techniques for determining 
the amount of a pollutant in the river 


water had to be developed from time 
to time. <A ‘‘standard”’ test for a spe- 
cific compound (such as phenol) would 
not be sensitive enough when applied 
to the river water where dilution or 
other interfering compounds existed. 
The technical staffs and past experi- 
ences of the Toronto Experiment Sta- 
tion and the USPHS Environmental 
Health Center were of great value in 
these matters. At the hearings re- 
cently eonducted by the Commission 
in Detroit, one industry defended its 
refusal to supply data on the nature 
of its wastes on the grounds that there 
was no accepted test for such material. 

Variations in technique affecting re- 
sults were recognized and guarded 
against in many ways. An arrange- 
ment was made with Difeo Labora- 
tories to set aside a specific batch of 
bacteriological media so that all tests 
made in either the Canadian or U.S. 
Laboratories would be run with the 
same media. During one period of the 
survey the Canadian field staff did all 
sampling from shore to shore in the 
St. Clair River while the U. S. staff 
did the survey work on the Detroit 
River. Later the assignments were 
reversed so that any variations in sam- 
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pling, testing or interpreting results 
An- 
other example was the procedure of 
dividing a industrial 
into three portions, sending one to the 


would be averaged or nullified. 


specific waste 
State laboratory, one to the industry, 
and one to the field laboratory, and 
later checking the findings before ac 
cepting and including them in the In 
dustrial Survey Report. 

Establishing ranges at the same or 
approximately the same locations as 
used in the 1913 survey should make 
certain comparisons with the earlier 
Additional 


to accommodate new sources of pol 


findings possible. ranges 
lution or to confirm or disprove certain 
publicly accepted opinions were also 
needed. An interesting result of cer- 
tain range studies when compared to 
available local data was the direction 
of attention to the Wyandotte water- 
The bacteriological find- 
ings on the range samples could not be 
A diver 


later confirmed the belief that a break 


works intake. 
reconciled with plant records. 


existed in the intake. 

The finding of a peculiar substance 
ina bottom sample from Lake St. Clair 
Which, when tested in the laboratory, 
produced a taste similar to the one 
observed in the public water supply, 

investigation. 
the entire Red 


Run-Clinton River drainage system was 


started an 
Before it 


unplanned 
was finished 


surveyed, 


Comment should also be made of 


some of the results of the survey to 
date. One has been the 


interest and 


cooperation of industry. Plants have 


been open for inspection; time of 
technical personnel has been given in 
collecting and sampling effluents, and 
in practically every case industry has 
not only accepted the staff findings as 
conditions, but in 


beine the actual 
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many cases plans have been made to 
Three 


sanitary 


correct. conditions. industries 
and 


wastes at the time of the survey had 


discharging process 
completely eliminated such discharges 
by the time the hearings were held in 
June, 1948. 

The newspapers have given the study 
excellent coverage with the result that 
the publie not only is acquainted with 
what is going on but has developed a 
confidence in the Commission’s pur- 
pose in connection with the reference. 
As a result, information relative to 
sources of pollution, its nature or, in 
the case of spasmodic types, its occur- 
rence, has been received from many un- 
This 


has been volunteered purely in a spirit 


expected information 


SOULPCEeS. 
of cooperation. Sportsmen have been 
and 
reporting conditions which may aid the 


especially cooperative in noting 
Commission in reaching a complete ap- 
preciation of the problem. Especial 
mention should be made of the valuable 
assistance given by personnel of water 
departments and water plants located 
Within the range of the survey. Ree- 
ords of the plants were made available ; 
samples from the raw water intake 
were routinely collected; any appear- 
ance of taste and odor in the supply 
was immediately brought to the atten- 
tion of the field staff and samples were 
collected and held for the staff. This 
cooperation was gratifying and of 
vreat assistance to the field staff. 

The Board feels at this time that the 
material available and the data ob- 
tained are complete, and that when as 
sembled and reported it will certainty 
indicate that the peak in pollution has 
that 


improvement will be 


been reached and from now on 


steady, measur- 
able and satisfactory to all interested 
parties. 
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DETROIT RIVER STUDY—A DISCUSSION 


By Eart DeveNporre 


Director, Bureau of Environmental Sanitation, 
New York State Department of Health, Albany, N. Y. 


As indicated by Mr. LeBosquet a 
study of the pollution of the Niagara 
River has been referred to the Inter- 
The work 
of carrying on this investigation has 
only recently been organized and is 
planned to be carried out in a similar 
manner to that of the Detroit River 
studies, 


national Joint Commission. 


A Board of Technical Advisers (con- 
sisting of personnel of the Canadian 
Department of Health and Welfare, 
the Ontario Department of Health, the 
U.S. Public Health Service and the 
New York State Health Department) 
has been appointed to assist in eoordi- 
nating the The Board has 
held three meetings with the technical 
staff carry on the field 
studies and to compile available infor- 
mation and operating data on existing 
industrial wastes and municipal sew- 
age plant operations, 

In carrving out the work, conferences 
are being held with municipal authori- 
ties and industrial officials all 
available pertinent information ob- 
tained from state files has been made 
available. Detailed sampling and gag- 
ing stations are planned only where 
insufficient available, 


studies, 


assigned to 


information is 
and at eritical industries. 
Of special significance and value in 
with the investigation of 
the pollution of the Niagara River is 
the recent study of the industrial waste 
problem of the Buffalo River. The re- 
sults of this 3-year study have been 
reported by G. Symons in’ 
JOURNAL, 20, 5, 861 (September, 1948). 
When this project becomes a fact, and 
the industries have reduced their waste 
load by the agreed amount, not only 
sutfalo 
River be abated but also the discharge 
of sludge of highly polluting taste- 
producing materials from the Buffalo 


connection 


will nuisance conditions in the 


River into the Niagara River will be 
vreatly reduced, if not entirely elimi- 
nated, 

Thus the results of this study and 
the program for reducing the pollution 
of the Buffalo River provides a major 
contribution to the study of the pol- 
lution of the Niagara River now under 
way by the International Joint Com- 
mission, 

Pursuant to a joint resolution of the 
1946 Legislature of the State of New 
York, the special Pollution Committee 
of the Joint Legislative Committee on 
Interstate Cooperation, of which Mr. 
Harold C. Ostertag is chairman, has 
made a study of the pollution of the 
waters of the state. 

Based on a 2-vear study of the prob- 
lem, the committee prepared and _ in- 
troduced for study purposes an act 
Water Pollution Control 
Board and integrating and coordinat- 
ing the work of the two state depart- 
ments, health and conservation, which 
now have divided responsibilities over 
the control of pollution. It is expected 
that this with any 
amendments, will be presented for pas- 
sage at the next session of the Legis- 
lature in 1949. 

Accordingly, the completion and re- 
ceipt of the report of the International 
Joint Commission on the study of the 
Niagara River will be awaited with 
interest by New York State and the 
municipalities and industries affected. 
The report will provide a method and 
means of appraising existing pollution 
sourees in contravention of the treaty 
provisions, which will not only afford 
a basis of determining needed construe- 
tion and stream pollution control cor- 
rection, but will also provide a basis 
of cooperative action by the proposed 
State Water Pollution Control Board. 


creating a 


act, necessary 
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RELATION OF STREAM CHARACTERISTICS TO 
DISPOSAL OF CHEMICAL MANUFACTURING 
EFFLUENTS * 


By V. L. Kina, R. F. Bann, R. C 


. Conn, R. E. Lester, J. BE. StTaNLEY 


AND D. TARVIN 


The Caleo 


This paper will present for the con- 
sideration of all those concerned with 
waste treatment and stream pollution 
abatement the point of view of adopt- 
ing regulations based on capacities of 
the rivers for absorption as distin- 
cuished from specifications on the efflu- 
ents themselves. 

It is unlikely that any set of specifi- 
cations for such wastes can be gener- 
ally applicable because of the infinite 
variety in the character of some wastes 
and the great lack of precise knowl- 
edge of their composition. If, how- 
ever, regulations were to be set up 
upon the extent to which streams may 
be used, a clearer and fairer problem 
The 
technical personnel of industry also 
able to visualize the waste 

problems involved much 
more clearly. The diversity of wastes 
is so great that it is very likely that an 
equally great variety of treatment 
processes may have to be developed 
anvhow if industry is to help accom- 
plish satisfactory stream improvement. 
It is believed that cooperation between 
industry and pollution control authori- 
ties will also be helped if the streams 
the realm of the 


would be presented to industry. 


would he 
treatment 


are looked 
state, and if stream studies are made 
to supply information currently lack- 
ing on the capacities of streams to ab- 
sorb effluents. The work of state 


upon as 


* Presented under title ‘* Effluents fre 
Chemical Manufacturing in Bound Brook,’’ 
at Twenty-first Annual Meeting, Federation 
of Sewage Works Associations, Detroit, Mich., 


October 19, 1948. 


Chemical Division, American Cyanamid Co., Bound Brook, N. J. 


agencies would also be facilitated and 
simplified in the control of pollution. 

Streams are more than mere moving 
bodies of water. 
reservoirs of dissolved oxygen and for 
the most part of acid neutralizing 
power. If each plant discharging 
effluents into a stream were permitted 
to use some modest percentage of such 
properties, the problems of waste 
treatment would much easier 
to visualize and to solve. To allocate 
the use of small percentages of these 


They are also great 


beeome 


stream capacities to industry, state au- 
thorities must be able to supply all 
the data and information on the 
stream itself. This means a thorough 
and examina- 
tion beforehand. 

While there may be many capacities 
and that 
might be considered for allocation, it 
is pertinent at this time to consider 
just two: 


comprehensive stream 


characteristies of streams 


1. The capacity for absorbing oxy- 


gen consuming materials, or the dis- 
solved oxygen content. 
2. The 


acid or alkalinity. 


capacity for neutralizing 


Dissolved Oxygen Content 


Every river contains dissolved oxy- 
gen, which is depleted by some kind 
of pollution. Abatement of pollution 
can, to a considerable degree, be de- 
materials in 
wastes that require dissolved oxygen 
for their stabilization. The amount of 


seribed as reduction of 


4 

2 

4 

re 
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D.O. a stream carries depends on the 
temperature of the water in the 
stream, and higher temperatures not 
only drive out oxygen but also in- 
crease the activity of oxygen-consum- 
ing agents. Warm weather and low 
flow, therefore, result in minimum dis- 
solved oxygen. The determination of 
D.O. content is the critical measure of 
the extent of damage any given efflu- 
ent may cause. The fixing of responsi- 
bility would seem to be clearer if the 
effect of industrial wastes upon the 
dissolved oxygen content of the river 
could be determined within a reason- 
able time and distance from the plant. 
The allocation of a certain reasonable 
amount of the dissolved oxygen con- 
tent of a stream to each user would 
help the latter avoid excessive costs of 
treatment. Many factors would, of 
course, need to be taken into considera- 
tion in making such an allocation, es- 
pecially the recuperating power of the 
stream itself. 

The results of some pertinent tests 
and data on dissolved oxygen in the 
Raritan River are offered to support 
the thesis that a factory on a stream 
has a right to use some reasonable 
amount of the dissolved oxygen, and 
that the effect of the effluent may be 
measured by the reduction in D.O. 
content, which may be accurately and 
easily determined. In view of the lack 
of reliability of determining oxygen- 
consuming power, either with per- 
manganate or by the 5-day B.O.D., 
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efforts have been made to determine 
the effect upon the dissolved oxygen 
content of the river by direct D.O. de- 
terminations before and after receiv- 
ing the effluent. Workers in one of 
the Calco laboratories have developed 
a polarographic method which has the 
advantages of speed, simplicity and 
freedom from interference by the pres- 
ence of oxygen-consuming material in 
the river before or after receiving the 
effluent. This method will be deseribed 
in a forthcoming publication. 

Some representative Raritan River 
dissolved oxygen determinations in 
1947 are shown in Table I. The loca- 
tions of the sampling stations used are 
shown in Figure 1, in which the Johns- 
Manville and Caleo plants are noted as 
A and B, respectively. 

The effect of dilution by tide water 
begins at Landing Bridge. Three 
municipal sewage plants and four 
chemical factories discharge their efflu- 
euts between Caleo and Landing 
Bridge and, of course, there are even 
more discharges at New Brunswick. 

The dilution ratios in Table I are 
not the minimum values recorded. Di- 
lution ratios over a 6-year period are 
shown in Table IT. It may be seen 
that it is very seldom that the dilution 
ratio is less than 10 to 1, the least di- 
lution occurring in August and Sep- 
tember, 1943; July and August, 1944: 
September, October, and November, 
1946; and September and October, 
1947. The river is very flashy, and 


TABLE I.—-Dissolved Oxygen in the Raritan River (p.p.m.) 


from Sta- 
tion 1 
(miles) 


Sampling 
Station 


River above plant 
Effluent dilution ratio* 
Below outfall of effluent 
South Bound Brook Bridge 
Landing Bridge 

Albany Street Bridge 

Tide going - | 


| 
| 


Distance | 


June, 1047 
Hours 
from Out- 
fall 


3.3 
| Out 


6.8 
In 


* Volumes of river water per one volume of effluent. 


535 
535 
3 
3 
0 | 7.2 8.2 | 8.6 7.2 
— | 30 | 24 | 28 | 20 | 14 
0.19 02 | 7.9 | 68] 7.9 | 7.6 | 6.8 
: 1.6 3.0 7.3 | 5.8 6.5 6.7 4.6 es 
6.8 13.4 68 45) 45] 15 
8.4 16.6 42] 06 
: Out | Out | Out 
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FIGURE 1.—Raritan River, showing location 


TABLE II.— Average Effluent and Raritan 


* Data for 1947 are U.S.G.S. river flows at C 


staff gage readings. 


in flow. 


shows maximum and mini- 


may show wide variations 
Table 
mum flows in million gallons per day. 
Hlowever, critical periods occur only 
when long-continued deficieney of oxy- 


ven extends over a month or more. 


of sampling stations. 


River Flows (m.g.d.) and Dilution Ratios 


June 


aleo’s dam. Earlier figures are calculated from 


Dissolved Oxygen Content and 
B.O.D. 

Studies made by Dr. Willem Rudolfs 
and Dr. H. Heukelekian at the New 
Jersey Agricultural Experimental Sta 
tion showed that the B.O.D. of Caleo’s 


936 

/) 

— \ 
\ 

i 
1% 

Jar Feb March April May | Aug Sept Oct Nov Dec 
iq 

\\ 144 
20.5 21.2 228 25.5 25.6 25.0 24.0 23.4 19.0 16.6 15.6 
River 333 372 LOGO 228 176 264 2070 641 416 360 1150 
Dil. Ratio 18 is 21 8.7 6.9 10.5 8H 27 22 34 74 

itHuent 7.3 18.0 19.8 22.6 23.4 22.7 | 23.4 19.2 17.8 17.8 

River 636 1110 RAT 160 870 335 $14 a5 76.2 105 
i Dil. Rati st 57 44) 24 44 15 13 4.2 3.25 21 43 13 

Effluent 18.9 22.0 20.8 20.5 22.3 24.7 24.2 22.5 | 24.2 20.7 20.1 18.7 
Rive 1059 561 1446 1305 146 410 11 170 778 874 

Dil. Ratio 55 25 70 4 20 12.5 3.7 18 14 1.7 17 

- 

194 
EtHuent 19.4 18.1 19.1 19.8 21.9 22.0| 22.5 18.7) 21.5 20.1 18.9 16.3 
| ae River 740 1780 1467 632 1087 146 1212 782 903 346 1050 1459 

Dil. Ratio 38 a7 77 32 50 20 42 42 17 55 

thuent 17.5 17.1 17.9 19.0 19.5 20.6 20.1 20.1 21.5 20.0 18.0 
Te River 1005 530 1363 124 1078 1430 837 340 188 158 137 304 7 
Dil. Ratio 62 32 76 22 55 17 9.3 7.3 68 17 
19.0 20.2 21.2 20.6 21.7 21.6 24.6 24.5 | 23.6 22.5 22.7 18.7 

River 786 432 1051 1041 1538 780 314 1909 137 1410 475 
I) Rat 41 21 51 50 71 16 13 8.4 62 25 
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effluent varies with the dilution in the 
range of low or inadequate dilutions, 
with a lag phase at low dilution which 
results in less demand than at a some- 
what higher dilution. With plenty of 
dilution the effect on the stream is less, 
even though the full deoxygenating 
effect of the waste has been developed. 
Laboratory experiments were under- 
taken to study this unusual condition, 
as compared with the normal B.O.D. 
of sewage. 

Two sets of L.0.D. tests were run on 
the effluent, in the first of which dilu- 
tions of 1:6, 1:15 and 1:60 were used 
and in the second, 1:6 and 1:15. The 
water for the 1:6 dilution in the first 
experiment was aerated with pure 
oxygen, giving 25.9 p.p.m. in solution. 
In the second test, air-saturated water 
with an initial D.O. content of 7.2 
p.p.m. for the 1:6 dilution was used, 
and this dilution was reaerated after 
2, 3, and 4 days, while the initial D.O. 
was 8.1 for the 1:15 dilution and this 
was reaerated only once, after 2 days. 
Results are given in Tables IV and V. 


Deoxygenation 
The oxygen utilized in the closed 


system by the 1:6 dilution was low the 
first and second days, increased sharply 
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on the third day, and then more or less 
leveled off. Similarly, with the 1:15 
dilution, the oxygen utilized in the 
first test was low for the first two days, 
increased on the third and fourth days, 
and the water was completely depleted 
on the fifth day. On the basis of the 
diluted samples, the oxygen utilized 
in the 1:15 dilution was lower than in 
the 1:6 dilution, and in the 1:60 di- 
lution it was lower than in the 1:15 
dilution. When the results are caleu- 
lated on the basis of undiluted plant 
effluent, there is an inerease of B.O.D. 
with dilution. The lowest B.O.D. was 
obtained with 1:6 dilution and. the 
highest with 1:60. The 1:15 dilution 
gave results closer to the 1:6 than to 
the 1:60. This indicates that in the 
range of low dilutions it is not correct 
to refer to the B.O.D. of the plant 
effluent without specifving the dilution. 

In the second test only 1:6 and 1:15 
dilutions were used (Table V). Dilu- 
tions were made with water from the 
North Branch of the Raritan River 
after the silt was removed by storage. 

The oxygen utilized by the 1:6 dilu- 
tion was extremely low the first day, 
increased on the second day, and 
reached a peak on the third day. Al- 
though additional quantities of oxy- 


TABLE III. Maximum and Minimum Flows in Raritan River (m.g.d.) 


Jan Feb; | Marcel) | 


May 
14 | | 
i260 | 3050] 4720 | 1415 600 
Minimum 172 141} 141 | 141 | 
1943 
Maximum 2720 3800 | 5510 1415 5220 
Minimum 206 4108 141 319 206 
1944 | 
Maximum 5900 5320 1000 
Minimum 148 | 148 335 4065 is? 
194 | | 
Maximum H710 10,000 4450 | 2120 4900 | 
Minimum 220 177| 500 | 352 | 408 
} | 
Maximum 5945 | 1551| 5784 | 778 | 6915 
Minimum 372 459 61 | 232 226 
Maximum 2880 | 826) 3530 | 4120 | 4110 
Minimum 260 | 320 308 440 | 550 


| 
June July | Aug | Sept Oct. Nov Der 


499 | 1350 | 11,000 1800 2800 HoO10 


| 5660 
75 115 | 141 | 141 | 176 176 176 
| 
1415 | 1000 275 241 3735 5200 | 1540 
108 95 26 | 26 38 229 a3 
| 
1000 148 3170 349 4900 
a 41 0 2.9 Is 3 
1551 f 7000 | 3005 | 4326 614 | 6650 | 5954 
181} 162 239 | 178 207 | 165 421 
113,890 | 6524 | 891 905 | 301 | 213 | 2400 
206} 129 | 187 76) | «116 | 103 65 
| 
2340} 865 | 1200 | 450 | se 6850 1338 
332] 114 | 128 | 1 


21 | 208 


* Data for 1947 are U.S.G.S. river flows at Calco’s dam. Earlier figures are <leiided caus 


staff gage readings. 
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TABLE IV.—Deoxygenation of Plant Effluent in Closed System with Various 
of Dilution with Seeded Dilution H,0 


1 to 6 Dilution | 
| 


1 to 15 Dilution 


1 to 60 Dilution 


D.O. 
Utilized 
p.p.m.) 


B.O.D. 
(p.p.m.) 


D.O. 
(p.p.m.) 


D.O. 
p.p.m.) 


Initial 25.9 | 
24.2 10.2 
22.2 22.2 
13.5 74.4 

78.0 


12.9 
9.9 96.0 


D.O. 
Utilized 
(p.p.m.) 


D.O. 
(p.p.m.) 


B.O.D. 


DO. 
(p.p.m.) ) | pm) (p.p.m.) 


B.O.D. | 
74 
| 


oO | 15.0 0.6 
1.4 
2.1 
2.8 


3.6 


“. 


6.4 
4 


] 
> 
7. 


TABLE V.—Deoxygenation of Plant Effluent in Closed System 
with Various _— of Dilution with River Water 


1 to 6 Dilution 


D.O. Utilized | 
p.p.tm.) 


Initial 
0.2 


| 


= 


* Re 


aerated 


utilized on the fourth and 
fifth days, the amount decreased. In 
the 1:15 dilution, the rate was also 
low on the first day, but reached a 
peak on the second day, while the rate 
decreased thereafter. It is worth no- 
ting in this test that the 1: 15 dilution 
actually used more oxygen on the first 
and second days than the 1:6 dilution. 
The 1:6 dilutions in the two tests were 
similar to each other in respect to the 
attainment of the peak rates and mag- 
nitudes of oxygen utilization. 

These tests indicate that, excluding 
reaeration, the greatest tax on the oxy- 
gen supply of the river will be with a 
flow time of 3 days when the dilution 
ratio is 1:6, and 2 days with a dilu- 
tion ratio of 1:15. After a flow time 
of 2 days, the deoxygenating effect of 


ven were 


B.O.D. | 
p.p.m.) | 


| 1 to 15 Dilution 
| 


D.O 
(p.p.m.) 


D.O. Utilized 


(p.p-m.) 


B.O.D. 
(p.p.m.) 
| 
8.1 
) 0.5 7.5 
6.3 94.5 
132.0 
162.0 


198.0 


the effluent will be vcreater 
dilution in the stream 
with a lower stream flow. 
lution the velocity of the stream will 
be somewhat higher and the maxi- 
mum deoxygenating effect will be felt 
somewhat farther downstream. 

These data show an inhibition of de- 
oxygenation at low dilutions, and the 
existence of a lag of 1 days at 
1:6 and 1:15 dilutions before the 
maximum rates of deoxygenation are 
exerted. Theoretically, the inhibition 
with increased concentration and the 
initial lag with time mean that the 
usual monomolecular formula’ em- 
ployed for the deoxygenation of sew- 
age does not apply to this waste. 
Therefore, it will be useless to derive 
the velocity constant k, of the reaction 


when the 
is 1:15 than 
At this di- 


or 2 


538 

| 7.4 z= 

| 6.4 | 36 

| 63 | 84 

5.0 | 126 

a 5 | M+ 38 | mm | 

| } 

D.O 

4 p.p.m.) 

1.2 

= 13.8 

3 al 9.7 58.2 

9 13.0 78.0 

5 | 
5 6 15.9 95.4 0.8 13.2 — 
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on the basis of this formula. The 
monomolecular formula assumes the 
oxygen demand exerted is dependent 
upon the amount of oxidizable material 
remaining to be oxidized; that is, the 
greatest oxygen demand is exerted in 
the first unit of time. Table V shows 
that the rate is not constant and the 
least demand is exerted during the first 
day. Somewhere between 1:6 and 
1:60 dilution the inhibiting effect is 
overcome, and the maximum rate of 
deoxygenation is exerted in the first 
day. At 1:60 dilution the net effect 
on the D.O. content of the river will be 
smaller than at 1:15 or 1:6. 

Practically, the inhibition caused 
by greater concentrations of the efflu- 
ent on the deoxygenation rate means 
the dissolved oxygen levels the 
stream will be maintained for a flow 
period of 1 or 2 days under low flow 
conditions, which would otherwise not 
be possible. 

The results also indicate that the 
deoxygenation is primarily of a_bio- 
chemical nature, although the possibil- 
ity of a small amount of chemical oxi- 
dation exists. purely chemical 
oxidation would have an immediate 
oxygen demand as compared with a 
delaved B.O.D. 

In addition to being a mass of mov- 
ing liquid and a reservoir of dissolved 
oxygen, rivers also constitute a reser- 
voir of acid neutralizing power. How 
far shall such neutralization of acid 
wastes be carried? Is it necessary to 
neutralize everything, including CO.,, 
to pII 7 or can better or equally bene- 
ficial results be obtained at much less 
cost by determining just how far neu- 
tralization should in each ease be ear- 
ried? An arbitrary decision to neu- 
tralize everything completely not only 
puts the maximum burden on industry, 
but it may be questioned whether it is 
the best from the pollution abatement 
point of view. 

Many rivers themselves are alkaline 
and capable of neutralizing various 
tonnages of acids. Does industry have 
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the right to use some reasonable per- 
centage of such acid neutralizing 
power? It is quite conceivable that a 
given river could absorb a determin- 
able amount of acids throughout its 
length without any damage to the river 
at all, and that if the various indus- 
tries along that river were permitted 
to utilize some part of that power, 
much expense would be saved. 

Aside from neutralization to 
complete neutrality may be very diffi- 
cult to carry out and may even be 
detrimental. We have shown that 
sanitary sewage can be completely 
sterilized by contact with acid effluents, 
and that if neutralization is carried 
to pli 4 and not farther, no B. coli 
escape with the effluent. This in itself 
is important because it may enable in- 
dustry to avoid the cost of separate 
sewage treatment. 

It has been frequently stated that 
neutralization to pH 4 neutralizes all 
mineral acids as distinguished from 
organie acids; the writers believe that 
in the range 3.5 to 4.2 all mineral acids 
are neutralized. 

In a laboratory investigation of the 
subject, solutions of sulfuric and acetic 
acids were made up to simulate the 
effluent in dilutions of 0.005 and 
with different proportions of mineral 
and organic acid, These solutions were 
neutralized with the following results: 


cost, 


v0 | 50 
10 =| 50 00 


As (%) 
As acetic (%) 


Mineral acidity neutral- 
ized at pH 4.0 (%) a8 M2 133 


pH at which 100% of 
mineral acidity is 
neutralized 


As the Calco effluent is not believed to 
contain 90 per cent mineral acids, it 
appears that all mineral acidity is neu- 
the 


tralized in effluent even below 


pil 4. 


; 
2 
| 
4 
3% 
3 
| 
ee 
1.17 3.71} 3.51 
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TABLE VI.—Calculated Acidity of Calco 
Effluent at pH 2.0 to pH 4.0 


Equivalent 
Mineral 
Acidity 

tons 

per day* 


Potal 
Acidity 
as 
p-p.m.) | 


Normality 


10 | 10-4 
3.75 | 10 
3.69 1073-69 
3.5 10 
3.0 10 
2.0 107-28 


0.000100 
0.000178 
0.000204 10.0 
0.0003 16 | 15.5 
0.001000 19.0 
0.010000 | 490 


4.90 
8.74 


None 
0.384 
0.510 
1.060 
4.410 
18.510 


* Based on 200,000,000 Ib. effluent per day. 


Table VI shows the calculated acidity 
and mineral acidity of Calco effluent as 
a function of pH. 

Figures in the last column of Table 
VI are caleulated on the basis of com- 
plete neutralization of all mineral ac- 
idity at pH 4.0. Table VIT shows the 
caleulated acid neutralizing power of 
the Raritan River. 

The per cent of the 
river’s acid neutralizing power would 
permit the into it of an 
amount of effluent containing the equiv- 
alent of 1.67 to 11.12 tons of 
H.SO, per day, or an average of 5.22 
During 220 working 
days this would save about 1150 tons 
of caleium 


use of but 5 
discharge 
from 
fons per day. 
(neutralizing 


carbonate 


agent) per vear. 


TABLE VII.—<Acid Neutralizing Power 
of the Raritan River (1946 


January 
February 
are? 
April 

May 

June 

July 
\ugust 
Septembe 
October 
November 


December 
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It is believed that industry ean be 
spared much expense in the cost of 
neutralizing waste acids if some small 
percentage of the acid neutralizing 
power of the stream employed to re- 
ceive the effluent may be used. The 
extent to which permanent hardness 
is Increased, the number of actual and 
potential users among whom the acid 
neutralizing must be appor- 
tioned, the ability of the stream to re- 
aequire acid neutralizing power, etc., 
are all points that would have to be 
weighed in preparing such a regula- 
tion, but appropriate studies could lay 
the foundation. 


power 


Calco Waste Treatment Facilities 

The Caleo waste treatment process 
and plant have been described previ- 
ously (Tus JourRNAL, 14, 3, 666; May, 
1942). The following information and 
data cover changes and developments 
since 1941. 


Oxrygen-Consuming Wastes 


A survey of the plant revealed that 
a large part of the oxygen-consuming 
materials came from processes discharg- 
containing sulfur 
pounds. Some of these individual 
effluents had permanganate 
consuming powers as high as several 
hundred thousand p.p.m., depending 
upon how the analysis is made. It was 
found by laboratory and pilot plant 
investigation that most of this oxygen 
demand could be destroyed by first 
oxidizing all of the sulfides, polysul- 
fides and sulfhydrates under proper 
pH control to thiosulfates, polythion- 
ates and the like, by blowing the liquors 
with air, followed by stripping with 
waste sulfurie acid and heat to pre- 
cipitate sulfur and liberate and remove 
sulfur dioxide. This treatment 
very effective. 

However, the aeration step had its 
faults. It did not entirely prevent hy- 
drogen sulfide odors; it took a long 
time to air out some of the liquors, 


ing brines com- 


oxygen- 


was 


H-ion 
pH | Concen- | 
fa tration 
| 
fee River Average Al- | Acid Neutral 
Tad kalinitv as izing Power 
1095 30 134.3 : 
530 34 745 
1363 26 145.0 : 
124 11 71.5 
1078 1] 180 3 
ae 1430 38 222.5 
ISS 52 10.2 
158 56 36.3 
137 39 33.3 
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and the acidification was destructive to 
equipment. Because of this, the aera- 
tion is now being superseded in part 
for many liquors by an acid-thiosul- 
JYate-sulfide treatment which does not 
liberate any hydrogen sulfide odor and 
takes much less time than aeration. 
While the new process does not reduce 
the oxygen demand quite as much, it 
does remove more than two-thirds of 
the oxygen consumers, and the follow- 
ing hot waste acid treatment removes 
even more, so that reductions from 
100,000) p.p.m. to well below 5000 
p.p.m. of individual wastes can be ac- 
complished. 

The process consists of the following 
steps: 


1. Collection of all brines that con- 
tain sulfides, polysulfides, sulfhydrates, 
thiosulfates and similar oxygen-con- 
suming chemicals from the various 
sometimes widely seperated shops that 
produce them. 

2. Compositing of these liquors. 

3. Mixing weak waste sulfuric acids 
with brines containing chiefly thiosul- 
fates but little or no sulfides, polysul- 
fides or sulfhydrates to pH 2.5 to 3.0. 
This liquor loses some SO, and con- 
tains, it is believed, free thiosulfuric 
acid as well as SO,. 

4. Feeding the composite to the acidi- 
fied thiosulfate, maintaining the pll 
with more waste sulfuric, which pre- 
cludes any liberation of H.S and pro- 
duces a liquor containing precipitated 
sulfur and acidified thiosulfate. 

5. Complete acidification to pH 1.8 
and heating to complete the precipita- 
tion of sulfur and removal of SO.. 

6. Settling sulfur in pits. 


The sulfide brines are collected and 
delivered by tank truck to the waste 
treatment plant serving the sulfur 
color shop (Figure 2). All sulfur 
color effluents, which are rich in both 
sodium sulfide and sodium thiosulfate, 
are pumped directly to a_ collecting 
and compositing tank where they are 
mixed with other sulfide brines col- 


STREAM CHARACTERISTICS AND DISPOSAL. 541 


lected by tank truck. <A typical ap- 
proximate analysis of such a compos- 
ited brine is as follows: 


Grams/100 ml. | 17.2 
P.P.M. — | 
| 


* Total apparent chemical oxygen-consum- 
ing power determined by digestion with hot 
permanganate (30 minutes). 


To destroy oxygen-consuming power, 
sulfides are converted to thiosulfates 
and the dilute solution is acid stripped 
to remove SO,. Conversion of sulfides 
to thiosulfates is accomplished in two 
ways. Brines that are low in sulfide 
that can be conveniently aerated are 
blown with air, with oxidation of sul- 
fide to thiosulfate. However, with 
even a brine of the above sulfide con- 
tent, aeration becomes tedious and ex- 
pensive. To circumvent this operation, 
an already aerated brine is made acid 
with waste sulfuric acid and the SO, 
liberated from the thiosulfate is used 
to convert more sulfide to thiosulfate 
according to the following equations: 


Na.S.O, + = Na.SO, + H,O 
+SO0,4+8 
2Na.S + 380, = 2Na.8,0, + S 


This is done in our present equip- 
ment by aerating in one tub and trans- 
ferring the aerated batch to a second 
tile-lined tub, filled to one-half its ca- 
pacity. Waste acid is added to a pH 
of 2.5, and an equal volume of raw 
sulfide brine is run in under the surface 
with the addition of enough extra acid 
to hold the pH approximately constant. 
Sulfides are smoothly converted to thio- 
sulfurie acid under these conditions, 
and a mixture containing free SO, and 
presumably thiosulfurie and some 
polythionie acids is obtained. One- 


half of this mixture, which now has 
an oxygen-consuming power of ap- 
proximately 20,000 p.p.m., is retained 
for treating more sulfide brines and 
is further 


the second half acidified 


ane 
: 
| NaOH | 0.C.P. 
64,800 
: 
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FIGURE 2.—Treatment at the source plant for sulfide brines. 


with waste sulfuric and heated to the 
boil to drive off all SO, and reduce 
the oxygen-consuming power, as meas- 
ured by hot permanganate, to a mini- 
mum. This will run in the neighbor- 
hood of 4000 p.p.m., and is believed 
due almost entirely to stable poly- 
thionie acids which actually do not 
consume oxygen in the river. It is also 
colorless, and in this treatment at the 
source al! the colored brines of this 
class are completely decolorized. 
While waiting for the construction 
of suitable sulfide-brine holding ea- 
pacity for carrying out this procedure 
to completion, one treatment tub is 
temporarily being used to collect and, 
When necessary, to aerate sulfide efflu- 
ents, and a second to carry out the SO, 
treatment. One-half of each treated 
batch is temporarily being discharged 
to the main effluent and the second 
half used in treating more waste. Fol- 
lowing are the analyses for three con- 
secutive batches treated in this way; 


thiosulfuric acid and free SO,, which 
are assumed to be present, are caleu- 
lated as sodium thiosulfate sodi- 
um sulfite, respectively : 


mg./100 mi.) gzm./100 mil 


O.C.P.* 


4.93 
7.46 
7.08 


22,100 
20,300 
28,700 


* Oxygen-consuming power. 


Other Wastes 


Other treatments at 
sist of 


the source con- 
plants, notably for 
alcohols, pyridine, aniline and others. 
Aniline is especially bad as it has a 
permanganate oxygen-consuming pow- 
er of twice its own weight. The sludge 
from aniline manufacture was former- 
ly run to the treatment plant as is. 
Now this waste is run into two large 
basins where the sludge 


recovery 


settles out 
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and the liquor percolates into the 
ground. In addition to having a very 


high permanganate oxygen-consuming 
power, this waste also caused a reddish 
tinge in the composited wastes due 
perhaps to partial oxidation of very 
small quantities of aniline. 

Oils escaping from the refining of 
coal tar products are trapped in various 
basins and removed by means of skim- 
mers so that they no longer reach the 
treatment plant. These oils also had 
a high chemical oxygen-consuming 
power and were frequently emulsified 
in such a manner that they could not 
be removed from the composited 
wastes by skimming. They also con- 
tributed to the formation of foams at 
the diffusion dam. 

Other treatments at the source, which 
are contemplated for the future, are 
changes in manufacture so that there 
will be no wastes from certain products. 
This will remove certain sulfonic acids, 
mixed with oily material, which are 
troublesome because they produce 
foams and have high oxygen-consum- 
ing powers. 

The SO, recovery plant where large 
amounts of SO, are recovered from 
waste sulfite brines, has long been one 
of the chief tools for reducing oxygen- 
consuming power in the general efflu- 
ent. As an added precaution against 
any increase in oxygen-consuming pow- 
er which might be brought about by 
new products, the recovery system is 
being improved by first making more 
sulfite brines available from three large 
processes and by enlarging the SO, 
recovery plant itself. This should re- 
duce the B.O.D. of the effluent another 
30 p.p.m., and will also consume more 
waste acids. 

Individual collecting tubs have been 
installed at certain places where liq- 
uors are collected for treatment at the 
source and where it is inadvisable to 
discharge strongly acid or highly col- 
ored mother liquor to the sewer at a 
high rate of flow. Some highly colored 
mother liquors may be decolorized by 
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lime treatment at the source, and after 
settling and decanting the resulting 
liquors do not reproduce color upon 
being absorbed in the composite efflu- 
ent. 

In addition to an effective treatment 
for reduction of chemical oxygen-con- 
suming power or B.O.D., these treat- 
ments at the source are essential for 
the proper operation of the waste treat- 
ment plant. The mother liquors or 
filtrates from any new process are in- 
vestigated carefully in the laboratory 
before that process is started in order 
to determine what effect such liquors 
might have upon the effluent. When 
the liquors are undesirable, their treat- 
ment at the source is investigated and 
the treatment modified so as to pro- 
duce a better effluent. 


Compositing 

The compositing basin is the heart 
of the Caleo waste treatment process. 
Here many beneficial reactions take 
place: color and acidity are reduced, 
bacteria are destroyed, and suspended 
solids settle out. Accumulation of this 
sludge during 6 years reduced the ca- 
pacity and impaired the efficiency of 
the basin. In order to regain the bene- 
fits of efficient compositing, the sludge 
was removed by dredging as deseribed 
later. 


Neutralizing Acidity 

Calco is indebted to its neighbor, the 
Johns-Manville Corporation, for an 
additional supply of alkaline material 
for use in neutralizing acid wastes. 
This is saturated lime water contain- 
ing some suspended calcium carbonate. 
There are 700,000 gal. of it, equivalent 
to 7.5 tons per day of calcium earbon- 
ate. This is brought over by gravity 
through a 24-in. Transite pipe line 
about a mile long. The lime water 
flows continuously into the composit- 
ing basin and partially neutralizes the 
effluent just prior to the final neutrali- 
zation with the CaCO, slurry and dis- 
charge from the compositing basin. 
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The waste calcium carbonate slurry 
is brought from this neighboring plant 
at a cost of about 55¢ per ton, to neu- 
tralize the mineral acidity of the com- 
posited effluent. Since the alkaline 
water described above has also been 
used, it is rarely necessary to draw up- 
on the reserve supply of accumulated 
calcium carbonate. This has saved 
considerable labor and has insured 
smoother operation of the neutralizing 
apparatus. grit is classified 
out of the CaCO, slurry to avoid its 
interfering with neutralization by 
plugging orifices and valves. 

The final neutralization of the dis- 
from the 


Figure 3) 


Coarse 


charge compositing basin 
is very rapid, and the eal- 
cium carbonate slurry containing some 


bicarbonate can be fed in readily. 


Settling Lagoon 


The neutralized effluent flows into 


the settling lagoon where the suspended 


solids are deposited as a sludge dur- 


ing detention in the lagoon. 
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Under current operation, tests show 
that 4 tons of sludge (dry basis) settle 
out daily in the compositing basin and 
6 tons settle out daily in the settling 
lagoon. As a result the capacity of the 
compositing basin was reduced. A 
dredge was constructed to remove this 
material so that the basin might regain 
its full efficiency. In 3 months, 44,000 
cu. yd. of and sludge were re- 
moved from this basin by dredging at 
a cost of about 35¢ per cubie yard. 
When the sludge removed, com- 
positing was improved to such an ex- 
tent that the 
strong individual wastes was mini- 
mized. In addition to the 44,000 eu. 
yd. of sludge and water removed from 
the compositing basin, about 140,000 
cu. yd. were subsequently removed 
from the settling 


water 


Was 


shock of discharges of 


lagoon, 


Character and Decomposition of 
Settled Sludge 


In order to obtain some information 


regarding the character and degree of 


FIGURE 3.—Neutralizing equipment. 


: 
we 
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decomposition of the sludge retained 
in the settling basin, samples of sludge 
were collected for analysis. One sam- 
ple, designated ‘*A-fresh,’’ consisted 
of recently deposited sludge, and an- 
other sample, designated ‘‘B-old,”’ 
represented material which was accu- 
mulated over a period of 6 years, 
removed from the settling basin and 
stored for about 6 months in a dry 
basin. 

Both sludges were produced from 
wastes which had, in general, the same 
characteristics. The odor of both 
sludges was distinetly ‘‘chemieal’’ and 
similar to the odor of the waste. 

Analyses were made on the samples 
for total solids, ash, orga::ie matter, 
total nitrogen, free rhombie sulfur, 
and total bacteria (20° C. nutrient 
agar count). The percentage organic 
matter was determined by acidifying 
dried samples of sludge to cause evo- 
lution of carbon dioxide from ecarbon- 
ates and then igniting, and determin- 
ing the loss of weight. No evidence of 
carbonates was noted on acidification. 

The results of these analyses were 
as follows: 


‘ 


| 
| A—Fresh 


Sludge Sample ( 


Total solids 
Organic matter 50.0 
Ash 50.0 
Total nitrogen 0.175 
Free sulfur 3.29 | 
Bacteria per 

gram dry | 

solids | 5500 | 2700 | 


| 
| 
| 


Significant points shown by the an- 
alyses and additional laboratory en- 
gineering investigation are as follows: 


Evidence that some form of decom- 
position occurs in the sludge is indi- 
cated by the reduction organic 
matter. Since the Caleo Bound Brook 
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waste contains the domestic sewage 
of the employees, it may be assumed 
that if decomposition takes place, the 
organic matter of the sewage would 
be destroyed. The rather low percent- 
age reduction in organic matter over 
a period of more than 6 years shows 
that the decomposition takes place 
very slowly and may be limited to 
the organic sewage solids. However, 
based upon the results obtained, it ap- 
pears that gas evolution and the possi- 
bility of odor production is negligible. 

To obtain some information in con- 
nection with odorous sulfur compounds 
which might be evolved during decom- 
position, the percentage of sulfur pres- 
ent and the actual amounts destroved 
were determined. The figures show 
that relatively large amounts of sulfur 
are present in the freshly deposited 
sludge. However, the actual amount 
of sulfur reduction was _ practically 
nil, so that odors from this source 
cannot be expected. 

Of some interest is the fact that 
rather small numbers of bacteria were 
found in the fresh and old. sludges. 
Considering that an ordinary garden 
soil contains from 2 to 6 million bae- 
teria per gram of dry material, the 
numbers of bacteria present in the 
sludges are very small. However, the 
presence of these organisms in low 
numbers also gives a clue that actual 
biochemical stabilization takes place, 
but at a very low rate. 

Engineering studies carried out on 
a small scale showed that the sludge 
could not be dewatered by filtration, 
as the fine particles of sludge immedi- 
ately blinded all filtering media in- 
vestigated. Chemical treatment also 
failed to accomplish the desired de- 
watering. Only freezing was found to 
have a beneficial effect in concentrating 
the solids. 

Since no means of treatment has 
been found, the sludge from the com- 
positing and settling basins is being 
retained in two storage basins. 
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Aeration 

No changes have been made in the 
means of aeration; the several hydrau- 
lie stairs which follow the settling la- 
goon still serve to aerate the effluent, 
but because the effluent is so inert to 
dissolved oxygen, the total apparent 
chemical oxygen-consuming power de- 
termined by permanganate is not re- 
duced appreciably. This is further 
evidence of the very sluggish nature 
of the majority of the chemical oxygen- 
consumers that remain after passing 
through all the steps of the process. 
In cool weather, the effluent, having a 
‘*B.0.D.’’ of, say 100 p.p.m., may at 
the same time have a dissolved oxygen 
content as high as 60 per cent of sat- 
uration, In warmer weather, the efflu- 
ent will consume dissolved oxygen to 
a certain small extent. One effect of 
aeration is the removal of CO, from 
the effluent. When the effluent meets 
the river at the diffusion dam there is 
more aeration. 


Diffusion and Dilution in the River 


Adequate dilution of the effluent in 


the river has been denied at times. 
The plant has grown and the river has 
shrunk, both relatively and actually, 
and this means that efforts to improve 
treatment must be continued 
so as to be less affected by periods of 
smaller dilution. Flood control, if ap- 
plied to the river, would help greatly in 
maintaining a more uniform dilution 
ratio throughout the year. The results 
so far achieved have been accomplished 
in spite of a 1944 drought as severe 
and more prolonged than that reported 
in 1941. In 1945 and 1946 a larger 
amount of rainfall better dilu- 


Waste 


vave 
tions. 

The diffusion dam suggested origi- 
nally by the New Jersey State De- 
partment of Health serves to diffuse 
the effluent almost immediately into 
the whole river. The dam 
cleaned out only once in its 6 years of 
operation, and that was beeause dur- 


has been 
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ing its construction not all the gravel 
was cleaned out of it. After removing 
the gravel, some ports near the intake 
side were throttled to effect more even 
distribution across the river. The dif- 
fusion dam is so constructed that it 
also draws in air with the effluent. 
This is very effective in putting dis- 
solved oxygen into the river, especially 
during low water levels which occur in 
late summer. The aspirated air, how- 
ever, helps also to create foam. In 
order to retain this helpful aeration 
and at the same time prevent any 
foam disfiguring the surface of the 
river, the foam seine shown in Figure 
4 was constructed. 


Foam Removal 

The foam seine was made by attach- 
ing water-proof curtains on the down- 
stream side of a pontoon bridge which 
is stretched across the river about 75 
ft. below the diffusion dam. The bridge 
is made of ten pontoons and necessary 
connecting catwalk. The curtain is im- 
mersed about 6 in. in the river. The 
curtain material was originally canvas 
impregnated with a mold preventive. 
As this eventually rotted away at the 
surface of the water, planks were sub- 
stituted for the parts in contact with 
the water, and no trouble has resulted 
since. 

On several occasions large trees have 
been carried down the river during 
storms and have damaged the seine. 
For this reason a couple of extra pon- 
toons are kept on hand so that quick 
repairs can be made. It has also been 
necessary to remove the foam seine 
during periods of high water. 

The foam back of the seine has such 
small substance that it gradually wets 
out and disappears. 


Present Status of Treatment 
Efforts since 1942 have been devoted 
to meeting the last two of the require- 
ments of the New Jersey State Depart- 
ment of Health, namely, complete re- 
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moval of foam and additional reduction 
of B.O.D. Handicapped and delayed 
because of the war, and even after the 
war by the inability to secure enough 
materials or manpower to put into 
effect the results of work that had been 
done, it has been possible finally to 
meet all but one of these requirements. 

The requirements outlined 7 years 
ago by the New Jersey State Depart- 
ment of Health for Caleo’s effluent 
were as follows: 

“1. The effluent shall contain no free 


acidity; that is all the titratable acidity 
shall be neutralized.” 


This has been interpreted as all the 
acidity below pH 4.0 to 4.2, which is 
the endpoint of erythrosine indicator. 
It has been demonstrated that further 
neutralization with CaCO, is imprac- 
tical, as excessive quantities of CaCO, 
would be required, much of which 
would be wasted by not reacting. The 
vreater the degree of neutralization, 
the higher the turbidity. Further 


FIGURE 4.—Foam seine in Raritan River. 


neutralization does not substantially 
reduce oxygen-consuming power and 
changes the color of the effluent from 
a clear tea color to a slightly turbid 
vellow. 


“2. The effluent shall be free of notice- 
able floating solids, oil, grease or sleek.” 


The appearance of the river was 
given special attention and the reach 
below the outfall has seldom had any- 
thing on it since the installation of the 
foam seine. 


“3. The effluent shall be sufficiently free 
ot color or turbidity, or both, so that after 
dispersion in the reeeiving waters, or not 
more than 1000 ft. above or below the point 
of effluent discharge, it will not noticeably 
discolor, or add to the turbidity of the re- 
ceiving waters.” 


The color of the river is nearly nor- 
mal all of the time. Most of the colors 
in the effluent are destroyed by the 
varied chemical reactions which occur 
during compositing. The treated efflu- 
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ent itself is uniformly a light tea or 
amber This tea color always 
dilutes out to no visible color with a 
dilution of river water of about 10 
times the volume of the effluent. The 
effluent is never turbid and is always 
clearer than the river itself, measured 
turbidities being 2 to 3 p.p.m. It is 
not, therefore, adding to the turbidity 
of the river. 

Periodic dye tests are made on river 
water every 3 months by making a test 
run on 5 consecutive days in one week 
on eotton, silk and wool to determine 
Whether dyeing or staining materials 


eolor. 


are escaping. 


“4. The eftluent shall be free of caustic 
alkalinity or other toxie or deleterious sub 


stances.” 


The effluent is never caustic. No 
poisons, such as arsenie are employed 
in the plant, and materials which might 
be thought toxie are carefully removed 
at the source by systems of serubbers, 
recovery, burial, chlorination or other 
special means of disposal. 


“5. The efthuent shall be free of offensive 


odors.’ 


The Caleo Chemical Division has an 
elaborate air pollution control system, 
and means have been provided for pre- 
venting odors in the effluent. one of the 
most important of which is the treat- 
ment at the source for sulfide brines. 
This installation destroys the sulfides, 
polysulfides, and sulfhydrate in mother 
liquors or filtrates so that hydrogen 
sulfide liberated later on 
There are also recovery processes and 
traps for the removal of other odori- 
A special pyridine 
recovery plant is in operation for the 
removal of pyridine from the effluent. 


cannot be 


ferous materials. 


“6. The effluent shall be of such quality 
that organisms of the coli-aerogenes group 
shall be present in not more than 20% ot 
the one (1) cubie centimeter portions ex 
amined from any one sample or any series 
of samples of the effluent tests. For the 
purpose of the test for organisms of the 
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coli-aerogenes group, a sample shall consist 
of five l-em. portions.” 


The Caleo effluent never contains or- 
ganisms of the coli-aerogenes group. 
As the sanitary sewage is constantly 
in contact with acid wastes, the sewage 
is being acid treated from the moment 
it enters the system. During the time 
the various wastes are collected in the 
pumping station sump of 350,000 gal. 
capacity, and while they are composited 
in the compositing basin of 11.5 m.g. 
capacity, they are in contact with 
strong acids, and any organisms in the 
completely de- 
Neutralization is maintained 
at pH 4.0, which guarantees complete 
destruction in the settling lagoon of 
any bacteria which might escape the 
higher acidity of the compositing basin. 


sanitary sewage are 


stroved. 


“7. The eftluent shall have a biochemical 
oxygen demand not exeeeding in the aver 
age over any four (4) hour period of a day 
100 p.p.m., and not exceeding at any time 
The effluent after dispersion 
in the receiving waters, or not more than 
one thousand (1,000) feet above or below 
the point of effluent discharge, shall not 
content in 
fifty per- 


125 p-.p.m. 


reduce the dissolved 
such 


centum (50°.) saturation. 


oxygen 


receiving waters below 


In order to meet this requirement, 
all wastes of high chemical oxygen-con- 
suming power and large volume were 
collected for special treatment. The 
sulfide collected and a 
treatment plant was built to destroy 
them. 
removed other high oxygen-consumers, 


brines were 


Various other recovery plants 
and improvements in sulfur dioxide 
recovery and other processes reduced 
the amount of oxygen-consuming ma 
terial delivered to the treatment plant 
so that the reactions taking place in 
the compositing basin can carry the 
reduction of chemical oxvven-consuimn- 
ing power to the desired limits. 

It is estimated that the completion 
of the treatment at the source of all 
sulfide reduce the B.O.D. 
of the combined effluent by 23 p.p.m., 
and that the completion of the SO, re- 


brines will 
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covery operations will effect a further 
reduetion of 30° p.p.m. 


General Conclusions 

1. The Raritan River is very flashy, 
and because there is no flow eontrol 
to maintain a more or less uniform 
flow of water, there are times when 
dilution is inadequate, 

2. Natural reaeration of the river is 
insufficient to maintain dissolved oxy- 
ven during low-flow conditions. 

3. Complete neutralization does not 
maintain as low a coliform bacteria 
count as the present practice of neu- 
tralizing to pI 4.0. 

4. Settled shidge shows some slight 
digestion of organic matter and ean be 
stored without odor. 

5. Treatment at the source, especially 
of sulfur-containine wastes, results in 
effective removal of oxygen-consuming 
compounds and color, 

has been effective 


foam 
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for capturing and retaining any foam 
produced at the outfall. 

7. The effluent is uniformly distrib- 
uted into the river flow to take full 
advantage of such dilutions as is avail- 
able. 

8. The suggestion is offered that in- 
dustry could be helped in stream pol- 
lution control by the allocation of rea- 
sonable amounts of such properties as 
dissolved oxygen content and = acid 
neutralizing power of the streams. 
based upon comprehensive studies of 
the streams themselves; also, that in- 
dustry’s efforts would be augmented 
and greatly aided if the appropriate 
authorities were to assume actively the 
obligation of providing adequate dilu- 
tion by maintaining a reasonable uni- 
form tiow in stream. In many streams 
the water is wasted during periods of 
high runoff, with the result that periods 
of low water and inadequate dilution 
follow. 


DISPOSAL OF CHEMICAL MANUFACTURING WASTES— 
A DISCUSSION 


By R. D. Hoax 


Senior 


Dr. King prefaced his paper by stat- 
ing that progress in pollution abate. 
ment is too slow, and suggests that it 
could be accelerated if regulatory au- 
thorities would permit industry to em- 
ploy a reasonable fraction of the re- 
serve of dissolved oxygen and alkalinity 
in streams to supplement industrial 
waste treatment. 

This is a proposal that will be re- 
varded as a kind of heresy by those who 
that all pollutional matter 
should be reduced to the lowest prae- 
tical limit before discharge. Whether 
one agrees with Dr. King that streams 
should be required to carry part of the 
burden of waste treatment depends 
upon the point of view. Lf the problem 
is examined in the light of the best 
public interest, there is no question but 


maimtain 


Fellow, Mellon Institute of Industrial Research, Pittsburgh, Pa. 


that there must be a qualified coneur- 


rence in his recommendation. Most 
streams have a considerable capacity 
for assimilation of various kinds of 
pollution without adverse effect on 
downstream riparian interests. Where 
this capacity is not properly utilized, 
it represents an economic waste that 
will inevitably be reflected in higher 
costs for manufactured produets, be- 
cause of an increasing acceptance of 
the principle of regarding the cost of 
waste treatment as a part of the cost 
of production. 

There is no intention of suggesting 
that streams be loaded to capacity, or 
that they be asked to perform fune- 
tions of which they are incapable. In- 
telligent application of the doctrine of 
reasonable use would provide a sound 
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control of stream quality. Publie 
health engineers may admit the merit 
in proper use of some fraction of 
stream capacity for waste treatment, 
but they are likely to claim that the 
administration of such a_ principle 
would be impractical. 

Proper control of waste treatment, 
where a _ reasonable proportion of 
stream capacity is used as a supple- 
mentary treatment, need be no more 
difficult than current practice, when 
limiting standards have been set. A 
requirement that operation reports in- 
elude analysis of samples above and 
below the point of discharge would 
provide assurance that an effluent was 
not taxing a stream beyond the pro- 
portion of its capacity that had been 
allocated to a particular mill. 

It happens all too often that the re- 
quirements of state authorities are so 
stringent that an industry frequently 
finds it so difficult and expensive to 
meet unreasonably strict standards 
that progress in pollution abatement 
is retarded. The widespread public 
interest in pollution abatement is a 
persuasive indication that there will be 
continued cleaner and 
cleaner streams. Satisfactory treatment 
of industrial waste water is generally a 
complex and costly problem; in man) 
cases the degree of treatment specified 
for a particular waste cannot be met 
by known means, or waste processing 
costs may be prohibitively high. In 
strong likelihood that 
streams considered to be 
in satisfactory condition today will be 
regarded as unnecessarily polluted at 
some time in the future, it would seem 
to be preferable to settle now for a 
somewhat lower degree of waste treat- 
ment than local conditions would ap- 
pear to demand. With the establish- 
ment of partial treatment at a plant, 
successive improvements would usually 
be less difficult to obtain than an initial 
installation that would provide the 
most complete treatment 
Such a progressive plan would have 


pressure for 


view of the 
which are 


possible. 
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the virtue of allowing for unforseen, 
but basic, process changes, through the 
inclusion of a degree of flexibility of 
design impossible in a treatment plant 
constructed to accomplish a particular 
immediate result. In addition, pro- 
vision of partial treatment would per- 
mit more accurate estimates of eventual 
requirements than would be possible 
where standards were set arbitrarily. 

This approach to waste treatment 
may not appeal to industry in general. 
Few companies will undertake waste 
treatment voluntarily, not only be- 
cause of the expense, but because oper- 
ation of the plant adds 
just one more distraction to the 
multiplicity of problems a manufae- 
turing plant faces today. When the 
average manufacturer agrees to the in- 
stallation of waste treatment works, 
his normal reaction will be to insist 
that the plant decided upon shall pro- 
tect him from further harassment for 
a fairly definite number of years. This 
is an understandable attitude, but it is 
not necessarily a sound one. The lay- 
man thinks that industry often wil- 
fully despoils streams because it re- 


necessary 


fuses to bother about 
‘‘valuable’’ materials 
water. It 


recovering the 
discharged in 
is perhaps unfortu- 
nate that so much publicity has been 


waste 


given to a few cases of really important 
savings from products 
once considered as unavoidable manu- 
facturing waste. The fact is that the 
obviously recoverable materials are 
being reclaimed in the great majority 
of instances, through 


recovery of 


pressure to re- 
The 
principal souree of savings in improv- 
ing the quality of waste water dis- 


duee costs to meet competition. 


charges lies in preventing process ma- 
terial from finding its way into plant 
sewers. Periodic waste water surveys 
will prove to be profitable by prevent- 
ing wastage and by reducing the load 
on treatment plant or stream. The 
proposal for accomplishing pollution 
abatement by successive improvement 
of treatment practice would serve the 
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dual purpose of meeting its primary 
objective while forcing a regular ex- 
amination of manufacturing opera- 
tions to reduce waste at its source; and 
the savings disclosed by the latter will 
frequently contribute substantially to 
reducing the cost of the former. 

The data that Dr. King and his staff 
have presented lend support to the 
thesis that the Raritan River has suffi- 
cient resources of dissolved oxygen and 
alkalinity to provide a modest sup- 
plementary treatment for the Caleo 
effluent. The data on dissolved oxygen 
and B.O.D., taken together, reveal an 
interesting situation. Despite the fact 
that effluents from three sewage plants 
and four chemical factories reach the 
river between the Caleo plant and 
Landing Bridge, the D.O. was less than 
4 p.p.m. on only two of the five dates 
for which figures are given for Land- 
ing Bridge, and these occurred when 
the tide was out. When the tide was 
in, the dilution it afforded raised the 


D.O. to 6.8 p.p.m. 
The B.O.D. data illustrate the fre- 
quently encountered toxie effect of in- 


dustrial wastes on biological flora. 
The lower the dilution of the waste, 
the more pronounced is the lag in de- 
velopment of biological activity. The 
stream flow data show that the flashy 
Raritan River occasionally provides a 
dilution ratio less than 10:1. But it 
will be observed that the average time 
of passage of the Caleo effluent to Rari- 
tan Bay is only a little more than 24 
hours, and rapid biological activity 
does not begin at low dilution until at 
least the second day. The high D.O. 
at Landing Bridge shows that not only 
Raritan Bay, but also the tidewater 
some 11 miles from the bay, has a 
large capacity for assimilating oxygen- 
consuming matter. This indicates that 
the oxygen demand of the Caleo efflu- 
ent should not place a serious burden 
on the stream, even at low dilution, 
between the plant outfall and_ tide- 
water. 
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A similar argument can be sustained 
on the demand of the Caleo effluent for 
stream alkalinity. Dr. King has shown 
that use of only 5 per cent of the 
average stream alkalinity at the Caleo 
outfall would save about 1148 tons of 
carbonate per year. It would seem 
that this would be a moderate demand 
to place on the stream. It is impor- 
tant to recognize, however, that in any 
allocation of stream resources to in- 
dustry the allocation must be made on 
a basis of stream condition at the site 
of that plant. Obviously, if each of 
20 plants was assigned 5 per cent of a 
stream’s resources measured at some 
arbitrary upstream point, the last con- 
sumer would reduce those resources to 
zero, and such a situation would con- 
vert the argument for allocation to an 
absurdity. 

These comments have dealt with 
broad generalizations, and it is reecog- 
nized fully that circumstances vary 
widely. An attempt has been made 
only to elaborate somewhat on the doe- 
trine of reasonable use of streams. 
In most instances, industrial waste 
engineers and the personnel of state 
health departments have placed their 
major emphasis on effluent quality 
rather than on the stream itself. In 
certain respects this is a misplaced 
emphasis. The problem is to restore 
streams to a satisfactory condition and 
to prevent destruction of streams now 
undefiled. It would seem to be only 
logical to use the stream as a criterion 
of what may be discharged to it. In- 
tensive stream study will be necessary 
to evaluate the contribution to the na- 
tional economy that ean be expected 
from this source. There is no inten- 
tion here to suggest that industry be 
given a free hand to discharge un- 
treated effluents and then justify their 
action by attempting to prove that the 
stream has adequate resources to as- 
similate the wastes. What is intended 
is to eall attention to the economic 
waste that occurs when an unneces- 
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sarily elaborate treatment plant is in- 
stalled as a safety factor against in- 
adequate knowledge of stream ecology. 
Pollution abatement involves difficult 
problems of technology and economies, 
but they can be solved by intelligent 
cooperation between industry and pub- 
There are many sincere 
conservationists in industrial manage- 
ment, but their wishes are often limited 


lic agencies. 
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by economic factors beyond their con- 
trol. 

Dr. King and Calco are to be eom- 
mended for their studies. It is hoped 
that additional data will be collected, 
particularly for both high and low 
tides at Landing Bridge, over a suffi- 
ciently long period to provide a thor- 
ough the de- 
seribed in this paper. 


evaluation of factors 


U. S. PUBLIC HEALTH SERVICE ENGINEERING ACTIVITIES 
REORGANIZED 


Reorganization of the engineering 
activities of the U. S. Public Health 
Service as a result of enactment by the 
80th Congress of Publie Law 845 was 
announced recently by Surgeon Gen- 
eral Leonard A. Scheele. The former 
Sanitary Engineering Division — has 
been replaced by a Division of Sanita- 
tion and a Division of Water Pollution 
Control. Both of these divisions will 
be under the supervision of Assistant 
Surgeon General Mark D. Hollis, Chief 
Sanitary Engineering Officer. 

Also announced were the appoint- 
ments of M. Allen Pond as Assistant 
Chief of Engineering Activities; Carl 
E. Schwob as Chief, Division of Water 
Pollution Control; and Callis H. At- 
kins as Chief, Division of Sanitation. 

Already functioning are four of the 
14 proposed river basin offices being 
established to coordinate the Federal 
water pollution control activities with 
state, interstate, and local 
the Pacific Northwest Drainage 
office at Portland, Ore., headed by 
Robert Harris; the Missouri River 
Basin office at Kansas City, Mo., 
headed by Glen Hopkins; the Great 
Lakes Drainage Basin office at Chi- 
cago, Ill., headed by S. C. Martin; and 
the New England Drainage Basin of- 


agencies 


sasin 


fice at Boston, Mass., headed by L. W. 
Trager. 

On February 12, President Truman 
appointed Thomas A. Berrigan, Chair- 
man of the Merrimack Valley Joint 
Soard, Boston, Mass.; L. A. 
Danse, Chairman of the General Mo- 
tors Industrial Waste Committee, De- 


“Sewerage 


troit, Mich.; Dr. Stanley B. Freeborn, 


Dean, College of Agricul- 
ture, University of California, Los An- 
Michael Klein, Chief Engineer, 
Manhattan Borough President’s Office, 
New York City; Carl D. Shoemaker. 
Conservation Director, National Wild- 
life Federation, Washington D. C.; 
and N. T. Veateh, Consulting Engi- 
neer, Kansas City, Mo., as the six non- 
vovernmental members of the Water 
Pollution Control Advisory Board. 

The Federal members of the Board, 
in addition to Assistant Surgeon Gen- 
eral Hollis, who will serve as Chairman 
of the Board, are: Lt. Col. Hugh M. 
Arnold, Army Corps of Engineers; 
Milton C. James, Assistant Director, 
Fish and Wildlife Service; James W. 
Follin, Assistant Administrator, Fed- 
eral Works Agency; and Ralph R 
Will, Administrative Officer, Depart- 
ment of Agriculture. 


Assistant 
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THE OPERATOR’S CORNER 


UNDER NEW MANAGEMENT 


Beginning with the next issue, The 
Operator's Corner will be compiled 
and conducted by Herbert P. Orland, 
formerly of New York City. 

Mr. Orland will take the place of 5. 
C. Martin, left the Federation 
staff at the end of January to take a 
a in the 
is being created in 
administer the new 
pollution Martin has 
been assigned to the Great Lakes area, 


who 


asin Engineer”’ 
organization that 
the USPHS. to 
Federal 


position as 


law. 


with headquarters in Chicago. 

A civil engineering graduate of Cor- 
nell University, Mr. Orland is partieu- 
larly well qualified for service as As- 
sistant) Editor of Tris JourNAL by 
Virtue of his 5 vears experience with 
Engineering News-Record and in the 
technical publications office of the 
American Society of Civil Engineers. 
Ile has also had considerable experi- 
municipal management. in- 
cluding supervision over sewage works 


ence in 


functions. 

As has been pointed out many times 
in the past, this department of the 
JourRNAL requires broad and econtinu- 
ous participation on the part of plant 
superintendents and operators in order 
The ideal Cor- 
ner, as we see it, would be made up of 
short practical contributions—by oper- 
their methods of 
overcoming day-to-day problems. It 
would include at least three or four 
descriptions of  ‘*gadgets’’ — those 
labor-saving de- 


to fulfill its purpose. 


ators—describing 


clever, home-made, 


vices that are found in almost every 
sewage treatment plant but which are 
rarely publicized. It would contain 
references to experiences and opera- 
tion reports from which a lesson is to 
be learned or a pitfall to be avoided. 
It would be what its name implies—a 
market place for operation personnel 
in plants of all sizes to exchange their 
trials, tribulations and troubles for so- 
lutions, solace and salvation! 
Although our facilities are limited, 
we will cooperate in every way possible 
to prepare worth-while material for 
publication. Any reasonable rewrit- 
ing, editing, preparation of drawings, 
ete., will gladly be undertaken.  Let- 
ters and newspaper clippings are just 
as weleome as formal manuscripts. 
Hundreds of the kind of items we 
are seeking lie buried today in the 
files and minds of plant op- 
erators everywhere. If resurrected, 
dusted off and passed along to us, we 


diaries, 


would welcome the opportunity to pre- 
sent them in the Corner for reference 
and use by our growing readership. 
And be sure to keep us in mind when 
vou have contributions in the future. 

Herb Orland is at your. service. 
Just ‘‘pass the ammunition’? and he 
will subject vour problems to a barrage 
of practical answers. The Corner is 
under new management, but its aims 
are unchanged and its value, as in the 
past, depends upon your participation. 
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THE OPERATION OF THE BACK RIVER SEWAGE 
WORKS, BALTIMORE, MD. 


By C. E. Keerer 


Deputy Sewerage Engineer, Bureau of Sewers, Baltimore, Md. 


A new stage in the operation of the 
Back River sewage works, which serves 
the major portion of Baltimore City 
and a large part of the Baltimore 
County Metropolitan District, began 
on March 28, 1935. On that date the 
old manually-cleaned bar screens and 
primary settling tanks were superseded 
by mechanically-cleaned screens and 
tanks. At the same time two heated 
sludge digesters were put in operation. 
These changes eliminated the produc- 
tion of foul-smelling scum on the set- 
tling tanks and made it possible to 
apply a fresher effluent to the trickling 
filters. The rapid removal of the pri- 
mary sludge to the heated digesters 
produced a material with a much 
higher pH value that could be digested 
in 30 days or less. These improve- 
ments were soon followed by others, 
consisting of grit chambers, additional 
primary settling tanks, activated 
sludge units, chlorinating equipment, 
additional heated digesters and vaenum 
filters. The cost of the treatment fa- 
cilities constructed from 1930 to 1947 
amounted to $3,859,500. 


Description of Sewage Plant 

The sewage plant (Figure 1) is situ- 
ated on a 547-acre tract of land, ap- 
proximately 2 miles east of Baltimore 
City. The sewage flows to the plant 
through a horseshoe-shaped conerete 
conduit, 12 ft. 3 in. wide by 11 ft. 
high, with a maximum eapacity of 291 
m.g.d. <A flow diagram of the plant is 
shown in Figure 2. 


Mechanically-Cleaned Screens 

The raw sewage enters a brick build- 
ing that contains three Link-Belt me 
chanically-cleaned sereens, each with 
a rated capacity of 100 m.g.d. Each 


screen has *4-in. clear openings be- 
tween the bars, is 10 ft. wide, with a 
working depth varying from approxi- 
mately 8 to 11 feet. In the rear of 
each sereen there is a motor-operated 
Jeffrey grinder for shredding the 
sereenings and returning them to the 


sewage. 
Grit Chambers 


From the screens the sewage flows 
to three mechanieally-cleaned — grit 
chambers, each 50 ft. square, with a 
working depth varying from 3 ft. 9 in. 
to 6 ft. 3 in., depending upon the rate 
of sewage flow. Each grit chamber, 
which is equipped with a Dorr detritor, 
is designed to treat a flow of 100 m.¢.d. 
The grit discharges from the detritor 
on a horizontal belt and is conveyed 
to a nearby building where a vertical 
elevator loads it into trucks. 


Preliminary Settling Tanks 


After leaving the grit chambers the 
sewage flows through five 54- by 30-in. 
Venturi meter tubes to five prelimi- 
nary settling tanks. Each tank, which 
is equipped with a Dorr rotary-type 
sludge removal mechanism, is designed 
to treat 25 m.g.d. with a theoretical 
detention period of 2 hours. Two of 
the tanks are 140 ft. square with a 
side-water depth of 153. ft.. the 
other three are 170 ft. in diameter with 
a side-water depth of 10 feet 6 inches. 


Drum-Type Fine Sereens 


The sewage flows from the settling 
tanks to five motor-driven drum-type 
revolving Eaeh sereen, the 
framework of which is made of white 
oak, is 10 ft. long and 12 ft. in diam- 
eter. The sereens are with 
20-mesh, 0.015. in. cloth 


screens. 


eovered 


monel wire 
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and operate at speeds varying from 52 
to 59 per revolution. The 
end of the drum, 
which is open, and flows radially out- 
through the sereen. <As_ the 
rotates, the sereenings adhere 
to the inside of the eloth and are lifted 
out of the Water from a 
spray pipe, which is suspended in a 
horizontal position immediately above 
the sereen, impinges on the outside of 
the screen cloth and washes the screen- 
This trough hanes 
above the 
The screenings and wash water flow to 
Imhoff tanks 


seconds 
sewage enters one 
ward 


sereen 


sewage. 


ings into a trough. 


inside the screen sewage. 


three circular for treat- 
ment. 


Trickling Filters 


The effluent from the screens divides 
into two parts; the major portion flows 
to trickling filters and the remainder 
is treated in activated units. 
The trickling filters, which cover 30 
acres, are 1758 ft. long, SOO ft. wide. 
and 81, ft. The filters are di- 
vided into 10 beds, each of which is 
served by a separate conduit. In each 
conduit there is a butterfly valve that 
makes one rotation in about 4+ minutes 
and regulates the flow to the 
The filter media consists of trap rock, 
1 to 2% in. in 


sludge 


deep. 


beds. 


size, There are 5830 


nozzles on the beds, spaced 15 ft. apart. 
Three kinds of nozzles are used: Mer- 


ritt square spray, Worcester, and Co- 
lumbus. 


Hummus 


Tanks 


Following the trickling filters there 
are two  manually-cleaned humus 
tanks, each 277 by 290 ft. in plan, with 
a side-water depth of 9.5. feet. Be- 
tween these tanks there is a small 
pumping station that contains a verti- 
cal centrifugal for 


sludge and supernatant. 


handling 


Activated Sludge Units 

A 
mum capacity of 210 m.e.d. conveys 
the effluent from the fine sereens to the 


square conduit with a maxi- 
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aeration tanks of the activated sludge 
plant, which is designed to treat an 
average flow of 20 m.g.d. and a maxi- 
mum flow of 40 m.g.d. There are two 
aeration tanks. Each flow 
through channel is 383 ft. 3 in. long, 
30 ft. 3 in. wide, with a water depth of 
15.29 feet. From the aeration tanks 
the mixed liquor flows to two eireular 
sedimentation tanks, each 126 ft. in 
diameter with a side-water depth of 13 
feet 4 inches. These tanks are provided 
with rotary sludge removal equipment. 

The into 
two Dorr thickening tanks, each 26 ft. 
in diam., with a working depth of 16 
ft. at the tank wall. The thickened 
flows by gravity to two 
plunger pumps, each with a rated ea- 
pacity of 140 ¢.p.m. The sludge can 
be pumped into the raw sewage or into 
tanks. 
plied to the supernatant liquor in the 


two-pass 


excess sludge discharges 


sludge 


the digestion Chlorine is ap- 
thickening tanks and can also be added 
to the activated sludge that is pumped 
into the aeration tanks to control bulk- 
ing. 

Adjacent to the aeration tanks a 
building houses three 16,500-cu. ft. per 
This build- 
ing also contains primary and second- 
which the air 


min. centrifugal blowers. 


ary air filters through 
passes to the blowers. 
The effluent from the final settling 
following the aeration tanks 
flows to sewage treatment facilities 
owned and operated by the Bethle- 
hem Steel Company at the Back River 
The effluent is used by 
this company for industrial purposes. 


tanks 


sewage works. 


Chlormating nt 


1945 the effluent has 
chlorinated each vear from the middle 
of April to the middle of September in 
order to reduce the bacterial load in 
Three rotometers are used 


Since been 


the river. 
to apply the chlorine to the sewage. 
Each meter has a capacity of 6500 Ib. 
per day when the gas pressure is 9 Jb. 
per sq. in. and the temperature is 
70°F, 
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FIGURE 2.—Flow diagram of Back River Sewage Works, Baltimore, Md. (1945). 


Sludge Digestion Tanks 


As of December 31, 1947, there 
were 13 sludge digestion tanks in oper- 
ation with a working capacity of 
2,526,100 cubie feet. Three of these, 
which are heated and provided with 
covers for gas collection, have a work- 


with a working capacity of 1,771,400 
cubie feet. 


Sludge Filtration 


The digested sludge is 
with trickling filter effluent and de- 
watered on vacuum filters. From No- 


elutriated 


ing capacity of 554,700 eu. ft., and the 
remaining ten are unheated open tanks 


vember 11, 1938 to April 30, 1946, two 
filters with a surface area of 1000 sq. 
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ft. were in operation. Since the latter Operating Procedure and Results 
date two additional filters of the same Raw Sewage Characteristics 

size as the original filters have been in 
service. The sludge is coagulated with 
chlorinated copperas, which is made 
at the sewage works by adding chlorine 
gas to ferrous sulfate. 


The sewage flows to the treatment 
works in a separate system of sewers. 
That some storm water gets into the 
sewers is evidenced by the inereased 
flow during rainy periods. As some 
of the sewage flows for 15 to 20 miles 
before reaching the sewage plant, it is 

The dewatered sludge is deposited in stale when it arrives there. The raw 
a pile adjacent to the building contain- sewage is considerably stronger than 
ing the vacuum filters. From here the normal domestic sewage. The average 
cake is loaded into trucks by a 5-ton 5-day B.O.D. has varied from 202 to 
locomotive crane and dumped on the 302 p.p.m. (Table I) and from 0.21 
grounds of the sewage plant. From to 0.28 lb. per capita per day during 
time to time small quantities have been the 8-year period from 1940 to 1947, 
hauled away and used for fertilizer inclusive. During this same time the 
purposes. average yearly suspended solids have 


Sludge Cake Disposal 


TABLE I.— Analyses of Raw and Treated Sewage 


Raw Sewage Primary Effluent 


Solids Solids 
Year 5-day 5-day 6 
| p.p.m.) Susp Settl | p.p.m.) } Susp. Settl 
(p.p.m.) | p.p.m | (p.p.m.) (p.p.m.) 

(1) | (2) | (3) | 4) | (5) (6) (7) 
1940 | 266 151 100 | 184 64 30 
1941 | 250 162 | 118 186 84 30 
1942 287 | 226 170 207 85 37 
1943 288 257 191 216 97 48 
1944 302 274 196 238 | 100 50 
1945 248 227 | 161 213 92 } 18 
1946 220 | 172 129 147 67 | 32 
1947 194 | 138 160 | 74 39 


Trickling Filter Effluent | Final Effluent 


Solids | Solids 
Year | | | | 
BOD —--—- Nitrates Be - Nitrates 
| (p.p.m.) | Susp | Settl | (p-p-m.) | Susp. Settl 
(p.p.m.) (p.p.m (p.p.m.) (p.p.m.) 


(8) | 9) (10) | (11) (12) | (13) j (14) | (15) 


1940 | 

1941 | 

1942 | 

1943 | | | 
| | 


1944 
1945 
1946 | 

1947 | — | — | - | - | 


1 See Table VI for the analyses of activated sludge plant effluent. 
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ranged from 151 to 274 p.pan., or from 
0.14 to 0.26 Ib. per capita per day. 
There was a continued increase in the 
strength of the sewage from 1940 to 
1944, and a decrease since then. No 
one industry is responsible for the sew- 
age being stronger than normal. 
Baltimore has a number of diversified 
industries such as canneries, slaughter 
dairies and laun- 
dries, the wastes from which augment 
the organic load in the sewage. 


houses, breweries, 


Sewage Flow 


There has been an increase in the 
flow of sewage (Table II) from 88.30 
m.e.d. in 1940 to 118.52 m.g.d. in 1947, 
amounting to about 34 per cent. The 
estimated number of persons served 
increased from 806,900 to 941,700 in 
this S-year period, and the average 
sewage flow per capita has varied from 
102 to 126 gal. per day. The per 
capita flow has been increasing during 
the past 3 or 4 vears, perhaps due in 
part to the augmented industrial ae- 
tivity during and following the war. 
The hourly variation in the sewage 
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TABLE II. Population Served and 
Sewage Flow 
| Sewage Flow 

, Populatio 

Year Total Per Capita 
(m.g.d.) (g.p.d.) 

1940 806,900 88.30 109 
1941 821,100 89.41 109 
1942 922,200 93.75 102 
1943 930,200 99.98 108 
1944 932,800 104.80 112 
1945 930,500 108.11 116 
1946 931,700 113.03 121 
1947 941,700 118.52 126 


flow for 1947 is shown in Figure 3. 
The maximum flow usually occurs at 
3. P.M., because several hours are re- 
quired for the flow to reach the treat- 
ment plant. 

Figure 4 indicates the frequency 
with which high sewage flows have oc- 
curred. Peak flows two or more times 
greater than the average can be ex- 
pected for approximately 0.5 per cent 
of the time, with flows of two and one- 
half or more times greater than the 
average for 0.05 per cent of the time. 
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FIGURE 3.—Hourly variation in sewage flow for 1947. 
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Per cent equal toor more than corresponding ratio 
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Per cent less than corresponding ratio 


FIGURE 4.—Frequency of ratios of maximum daily rates of sewage flow to yearly 
average daily flow. 


Mechanically-Cleaned Screens originally provided in the 1740-r.p.m. 
evrinder. These bearings were unsat- 
isfactory and were replaced with ball 
bearings, which have given good 


Two of the mechanically-cleaned 
screens have been service since 
March 28, 1935, and the third since 
April 15, 1937. On the whole they 
have presented few operating difficul- 
ties. To obtain proper operation it is 
essential to prevent the accumulation 


of sewage solids in front of and at the ee 
the the grinder. This hopper an 


opening 9 ft. 11°¢ in. by 8 in. at the 
top and 1 ft. 514 in. by 8 in. at the 
bottom. It was soon observed that the 


service. 


In the original installation the ma- 


terial from each screen discharged into 
a vertical sheet metal hopper, the bot- 
tom of which connected with the top of 


base of the screens, otherwise 


cleaning rake cannot reach the bottom 


of the screen and will become inopera- 


tive. The first two screens were each 


screenings could not be discharged di- 


provided with a sereenings grinder. 
These machines were driven by 25-hp., rectly into the grinder, as it would be- 


1140-r.pan. motors. Operating ex- come overloaded and would stall. To 


perience indicated that better results correct this condition a gently sloping 


would have been obtained by using plywood shelf was installed in the top 

larger motors running at higher of the hopper. The screenings dis- 
speeds. The third sereen, therefore, charge on this shelf and are gradually 
was equipped with a 30-hp. motor run washed into the grinder by a stream 


ning at 1740 r.p.m. Experience with of water. When the third sereen and 


screenings erinders of various sizes at vrinder unit was installed, a motor- 


other locations in Baltimore indicates driven horizontal belt) conveyor was 


that a speed of 2100 r.p.m. gives even provided in the top of the hopper. 
better results. Babbitted bearings were The screenines discharge on this con- 
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veyor and are slowly fed into the 
erinder. 

Each of the steel cables that are at- 
tached to each end of the rake and 
raise and lower it passes through a 
small hole in a stationary wiping block 
and is wound on a revolving drum. 
The wiping blocks remove any debris 
hanging on the cables. Blocks of 
various materials such as wood, rub- 
ber, and lead were tried, but were un- 
suitable. Blocks of compressed linen, 
however, have given good service. 

When the building housing the 
screens was constructed, no provision 
made to heat the screen room. 
Experience soon indicated the desira- 
bility of providing heat. As a econ- 
siderable surface of sewage is exposed 
to the atmosphere, the air at times be- 
laden with moisture, and ex- 
posed metal surfaces corrode quickly. 
The installation of unit gas heaters has 


Was 


comes 


helped to correct this condition. The 
electrical equipment on the switch- 
board in the sereen building was 


cadmium plated when it was installed. 
This plating was soon attacked by hy- 
drogen sulfide in the atmosphere and 
converted to cadmium sulfide. 


Grit Chambers 


Table IIL gives the amount of grit 
removed by the grit chambers. The 
quantity has varied from 2.1 to 4.4 eu. 
ft. per m.g of sewage and has averaged 
2.6 cu. ft. per m.g. of sewage during 
the 5-year period from 1940 to 1944, 


TABLE III. ~Quantity of Grit Removed 
Per Cent 

Year Volatile Matter 
1940 2.9 

104] 2.5 

1942 2.9 43.6 
1943 2.1 37.0 
1944 25 40.2 
1945 14 74.6 
1946 44 61.3 
1947 3.7 60.0 
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TABLE IV. —Raw Sludge Production 


Quantity Received 


| Solids Per Cent 
| Con- Volatile 
Dry Solids | tent Solids 
| 


Year | Gal. per } 


(%) | (dry basis) 
Sewage 


Tons ‘Tons 

| Daily; M.G. | 
1940 | 4780 | 70.1) 0.80 | 39 | 812 
1941 | 4930 | 67.4) 0.75 3.6 | 79.2 
1942 | 5370 | 74.9 | 0.80 | 3.5 | 819 
143 | 5170 | 76.9) 0.77 | 3.5 
1944} 5000 O81 | 38 | 83.5 
1945 | 4780 |72.4| 0.67 | 3.3 | 82.0 
1946 | 4670 166.6) 0.59 | 30 | 79.6 
1947 | 4150 (77.3 0.65 | 3.7 | 78.3 


1 Includes waste activated sludge. 


inclusive, and 4.2 eu. ft. during the 3- 
year period from 1945 to 1947, inelu- 
sive, an increase of 61.6 per cent. The 
sewage flow was 21 per cent greater 
during the latter period. <As_ there 
was considerable grit deposited in the 
outfall sewer leading to the treatment 
plant, this increased flow has resulted 
in greater velocities in the sewer, 
which, it is believed, have carried more 
grit to the sewage plant. 

The volatile matter in the erit is 
quite high and has varied from a 
yearly average of 37.0 to 74.6 per cent 
on the dry solids basis. The grit is 
loaded into trucks at the grit chambers 
and deposited in dumps at the sewage 
plant. As this method of disposal is 
unsatisfactory, consideration is being 
given to incinerating the material. 

The inlet and the outlet conduit to 
each grit chamber is provided with an 
84- by 84-in. motor-operated steel sluice 
vate for controlling the sewage flow. 
Exposed limit switches, actuated by 
the gate, control the motor that oper- 
ates the gute. In wet, freezing weather 
these switches were unsatisfactory. 
Where the operating spindle entered 
the switch housing, water collected 
and froze in cold weather, and the 
switches failed to operate. This diffi- 
culty is corrected by periodically ap- 
plying a thick coating of heavy grease 
to the spindles. 
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Primary Settling Tanks 


Analyses of the sewage entering and 
leaving the primary settling tanks are 
viven in Table I. The 5-day B.O.D. 
removal during the 8-year period from 
1940 to 1947, inclusive, has averaged 
23.5 per cent, and the suspended solids 
reduction amounted to 59.6 per 
cent. The suspended solids content 
of the effluent has varied from 64 to 
100 p.pm. 

The yearly average raw sludge pro- 
duction (Table IV) varied from 4150 
to 5370 gal. per m.g. of sewage. This 
sludge consists of primary settling tank 
solids, to which excess activated sludge 
added. The solids content 
of the raw sludge is quite low, for 
which condition there are two reasons. 
One is the presence of activated sludge, 
and the other is the method followed 
in withdrawing sludge from the pri- 


has 


has been 
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mary settling tanks. Extending from 
the bottom of each tank there is an 8- 
in. east iron pipe that terminates in 
an open sludge well. These pipes vary 
in length from 333 to 434 feet. The 
sewage in the settling tanks is 7 to 9.5 
ft. higher than the pipe outlets in the 
sludge well. The hydraulie gradient 
along the sludge pipe is not sufficiently 
steep to permit the discharge of a con- 
centrated material into the 
well. 

When the two square tanks were put 
in service the suspended solids content 
of the effluent was quite high. This 
condition was corrected by installing a 
wooden baffle (Figure 5) adjacent to 
the effluent weirs of the tanks. 

Considerable maintenance has been 
required from time to time to keep the 
mechanical equipment in these tanks 
The 


sludge 


in service. outer end of each 


Surtace of sewage; 


} 
| 


© F£ffluent weir 
scum baffle 


1%6°7T&G 
cypress 


Effluent channel! 


FIGURE 5.—Effluent weir scum baffle in primary settling tanks. 
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stainless 
stee/ bolts 


/ 


railroad rail 


| 


SECTION 


FIGURE 6.—Plate for holding railroad rails to settling tank walls. 


bridge, from which the sludge squeegee 
equipment is suspended, runs on a 90- 
lb. railroad rail. This rail is secured 
to the tops of the tank walls by *4-in. 
steel bolts. The horizontal thrust at 
the corners of the tanks was sufficient 
to shear off a number of these bolts. 
To correct this condition the rail was 
fastened to the wall by installing sev- 
eral specially made steel plates (Fig- 
ure 6) which were secured to the top 
of the tank walls by *-in. stainless 
steel bolts: 

At the center of each tank the sludge 
removal mechanism moves in and out 
on four steel rollers. Each pair of 
rollers supports a steel plate 6 in. wide 
and *, in. thick. As these plates sup- 
port the mechanism at the center of the 
tank, excessive stresses were produced 
in them, resulting in their splitting. 
They have been replaced with new 
plates with a Brinell hardness of 300 
and so far have proved satisfactory. 


Trouble developed in the bearings 
on the shafts, at the outer ends of the 
mechanisms, which support the main 
drive wheels. The babbitted bearings 
were replaced by bronze bearings, and 
the design was changed so that they 
could be lubricated more readily. 

From the five settling tanks there is 
an 8-in. cast iron pipe laid on a grade 
varying from 0.3 to 0.4 per cent, 
through which scum flows to a sludge 
well. This pipe frequently becomes 
clogged with grease, especially in win- 
ter. To date no easy way of keeping 
it clean has been devised other than 
by cleaning it manually with the usual 
sewer cleaning tools. It is planned to 


install a large submerged gas burner 
in the manhole at the upper end of this 
pipe line and heat the scum as it enters 
It is hoped that this pipe 
become 


the pipe. 
will then 
quently. 


clogged less fre- 
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Re volving Screens 


cleaned, based on vearly averages, has 
varied from 2.6 to 3.6 per m.g. of sew- 
age treated, and from 7.1 to 9.1 per 
acre daily. As a rule two men, work- 
ing 8 hr. per day, 6 days a week, are 
employed to clean the nozzles. 

The beds were originally provided 
with Worcester and Merritt square- 
spray nozzles. As these wear out, 
they are being replaced with Colum- 
bus nozzles, which distribute the sew- 
age on the filter stone more uniformly. 
Since 1935, 2900 Columbus nozzles 
have been installed on the beds. 

The first 12 acres of the filters that 
were constructed were provided with 


The function of the revolving sereens 
is to remove any suspended matter 
from the settled sewage that may clog 
the spray nozzles on the trickling 
filters. These screens are invaluable, 


as they greatly reduce the number of 
men needed to clean the trickling 
filter nozzles. Careful supervision of 


the operation of the screens is neces- 
sary to keep the loss of head through 
them 1 foot, or less. Excessive heads 
cause the sewage to break through and 
damage the screen cloth. This cloth 
under normal operating conditions has 
a life of about 1 vear. 


6-in. terra cotta distribution pipes en- 
Trickling Filters cased in concrete. These pipes are 
still in excellent condition after 36 

Table V gives the loading on the vears of service. The 
trickling filters and the 5-day B.O.D. 


distribution 
pipes in the remaining 18 acres are 
removal. The 5-day B.O.D. loading cast iron. When they were examined 


4 has varied from 421 to 677 Ib. per acre- in 1940, they were coated on the inside 
foot daily. The removal of B.O.D. has with a layer of slime and rust about 
ranged from 73.1 to 79.0 per cent. Un- 1 in. thick. As the volume of sewage 

: der these loadings the filters have been — passing through the pipes was consid- 

/ free from clogging. The 5-day B.O.D. erably reduced by the slime layer, 


of the effluent for the 4-vear period distribution of sewage on the beds was 
from 1939 to 1942, inclusive, averaged poor. These pipes were cleaned 


in 
44 The nitrates averaged 11.5 the following manner. portable 
p.p.m. during this same period. The — gasoline-driven pump, capable of de- 
number of trickling filter nozzles livering 22 g.p.m. at a 


pressure of 


TABLE -Loading on Trickling Filters 


Filter Loading B.0.D. Removal 


5-Day B.O.D 


B.O.D 
Sewage Popula- Eth 
Yea Flow tion , Per Persons 2th Per Per 
> ent cre- om 
g.d erved Per Per Per - Per 
‘oot Acre- Influ- Acre- 1000 | Cent 
m.g.d Rant Foot Cu. Ft Ib. per | (ib. per 


7 695,000, 2.59 | 0.305 | 2720 166 $21 9.68 39 | 322 | 7.41 | 76.5 
1938 | 76.06 | 735,000, 2.54 0.301) 2880 177 140 10.11 38 346 | 7.96 | 78.5 
1939 | 78.41 | 713,000, 2.61 | 0.307 | 2800 175 448 10.30 17 328 7.58 | 73.1 
1940 | 71.49 | 653,000) 2.38 | 0.280 | 2560 184 130 Q.87 16 322 7.41 | 74.9 
1941 | 75.75 | 694,000) 2.53 | 0.298 | 2720 186 | 460 | 10.58 39 364 8.36 | 79.0 
1942 | 81.47 801,000) 2.72 | 0.319 , 3140 207 550 12.65 15 $31 9.90 | 78.3 


~ 


1943 87.47 | 813,000 0.343 | 3190 | 216 618 14.20 
1944 87.08 777,000 2.90 | 0.341 | 3040 | 238 677 | 15.53 
1945 | 91.19 785,000 3.04 | 0.358 3080 | 213 635 | 14.58 
1946 | 94.83 783,000 3.16 0.371 | 3070 | 147 $56 | 10.48 
1947 98.60 783,000, 3.29 | 0.388 3070 | 160 | 516 | 11.88 


t 
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TABLE VI.—-Activated Sludge Plant Operating Data 
Air Used 5-Day B.O.D. B.0.D. Removal 
Sewage | Return \era- B.O.D 
Year Treated Sludge Period Cu. Ft. Load- 
m.g.d 7) | ar.) Cu. Ft.) per Lb. | Influent) Effluent ing! PPM Per Lb. per 
per Gal. | B.O.D. (p.p.m.) | (p.p.m.) Cent Day 
Removed 
1 2) (3) 4) (5) | (6) 7) (8) (9) (10) qi) | 12) 
1940) 15.61 28.6 6.04 1.17 853 184 19 13.9 165 89.7 | 21,500 
1941 13.28 | 23.3 7Al 1.24 860 186) | O14 11.2 172 92.2. 19,000 
1942 | 11.83 | 25.1 8.18 1.29 882 207 | 27 14.6 180 87.0 | 17,750 
1943 12.51 23.1 7.85 1.29 | 780 216 18 16.4 108 91.6 20,600 
1944 | 11.71 | 23.9 | 8.35 | 138 | 747 238 | 16 24.0 | 222 93.3 | 21,600 
1945 10.64 21.5 9.40 124 | 745 | 213 14 24.2 199 93.4 | 17,650 
1946 | 14.65 | 23.1 6.72 0.91 | 855 147 20 22.1 127 86.4 | 15,500 
1947 | 12.62 18.7 8.10 1.01 833 160 15 23.0 145 90.6 | 15,200 
Suspended Solids Mixed Liquor Power Consumption 
Year ndex Kw-H w-lir 
Influent Effluent | Do. per Mil. 
p.p.m.) p.p.m.) | p-p.m.) Gal. | B.O.D 
13 14) 15 16) 17 18 19) (20) 
1940 O4 16 75 3.5 2100 125 682 0.492 
1941 13 85 3.1 2220 744 0.516 
1942 85 32 62 dA 1731 261 798 0.536 
1943 17 &3 5.7 1681 254 780 0.480 
1044 100 13 87 1190 357 850 0.423 
1945 a1 5.7 937 383 819 0.484 
1046 67 SS 5.9 990 246 604 0.571 
1947 74 8 &9 5.7 856 353 689 0.571 


' Pounds per day B.O.D. in influent 


aeration. 


per 1000 lb. mixed liquor suspended solids per hour of 


S00 Ib. per sq. in., was purchased. The 
ends of the distributor pipes were 
opened, a hose with a nozzle on the end 
of it was inserted in each pipe and 
water under the above-mentioned pres- 
sure was used to scour out the inerus- 


tation. 


ITumus Tanks 


This method of cleaning the 
pipes proved most effective. 


The humus tanks have never 
satisfactory results, the reason 


that 
and 


through 


the 


septic. 


tanks the 


the sludge remains in the 


becomes 


viven 
being 
tanks 


In passing 


B.O.D. of the 


filter effluent frequently inereases and 
the nitrates and relative stability de- 
It is planned to provide these 


crease. 


tanks with mechanical equipment to 
remove sludge continuously. 


Activated Sludge Units 


The activated sludge units were 
placed in operation on Novy. 27, 1939, 
and have been in service continuously 
since then except for a few short shut- 
down periods. The average yearly 5- 
day B.O.D. load (Table VI) has been 
high, ranging from 147 to 238 p.p.m. 
At the same time the effluent has been 
quite good with average vearly B.O.D. 
values varying from 14 to 27 p.p.m. 
and with suspended ranging 
from & to 32 p.p.m. 

When the activated sludge units 
were placed in service, the keeping of 


solids 


‘ 
SUR 
> 
ion 
i 


daily records was considered quite im- 
portant. Samples of sewage, mixed 
liquor, and sludge are collected and 
analyzed every 4 hours. The results 
are plotted on graphie charts which 
are used in studying the performance 
of the plant. 

The major operating problem with 
the activated sludge units has been 
with sludge bulking. During the first 
2 vears of operation serious bulking 
rarely occurred. The maximum sludge 
index during this period was 361. 
Bulking began in 1942 and has been 
observed at intervals since then. The 
average yearly sludge index has varied 
from 246 to 383 since January, 1942. 

Many remedies have been tried to 
correct sludge bulking. Chlorine was 
used intermittently for over 4 vears to 
control bulking, but the results ob- 
tained were unsatisfactory. The quan- 
tity used generally varied from 3 to 
6 p.p.m. by weight of the return sludge. 
\pplications as high as 15 p.p.m. were 
tried without success. 

As indicated in Table VI, the aver- 
age yearly volume of air used varied 
from 0.91 to 1.38 eu. ft. per gal. of 
sewage. It was thought that an excess 
volume of air might correct sludge 
bulking. Although the air was_ in- 
ereased to 4.0 en. ft. per val. of sewage. 
with 12 p.p.m. of dissolved oxygen in 
the mixed liquor, bulking continued 
Another corrective measure tried con- 
sisted of shutting off the sewage flow 
to the aeration tanks, with continued 
aeration of the mixed liquor for as 
long as 24 hours. 
large volume of 


At the same time a 
return sludge 
pumped back into the aeration tanks 
to keep the shidge in a fresh condition. 
At times this procedure improved the 
settling characteristics of the sludge. 

Activated sludge has been kept in 
good condition at some plants by main- 
taining a high solids concentration in 
the mixed liquor. In the light of this 
experience the solids in the mixed 
liquor were kept at 3000 to 3400 p.p.m. 
for a considerable period of time, but 


Was 
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without success. Equally unsuecess- 
ful were efforts to treat a constant 
hourly quantity of sewage or a con- 
stant hourly organie load. 

One practice that at times improved 
the condition of bulking sludge econ- 
sisted of reducing the sewage flow to 
about 5 m.g.d.. The flow was main- 
tained at this rate for several days; if 
the sludge index decreased, the flow 
was inereased in increments of about 
1 m.g.d every few days until conditions 
were again normal. 

Although maintaining less than 1000 
p.p.m. of 


suspended solids in the 


mixed liquor has not eorreeted sludge 
bulking, it has been possible to pro- 


duce a final effluent containing fewer 
suspended solids when bulking does 
oecur. It is interesting to note that 
the suspended solids in the final effluent 
averaged 8 p.p.m. for the 3-year 
period from 1945 to 1947, inelusive, 
when the suspended solids in the 
mixed liquor averaged 928 p.p.m., as 
compared with 18 p.p.m. of suspended 
solids in the effluent during the pre- 
ceding 5 years when the mixed liquor 
contained an average of 1804 p.p.m. 
of suspended solids. 

During the 8 years that the aeration 
tanks have been in service, thev have 
been twice. There has 
been no apparent clogging of the dif- 
fuser plates. The application of air to 
the mixed liquor seems quite uniform 
throughout both aeration tanks. 

A detailed study was made to de- 
termine what operating conditions af- 
fected the removal of B.O.D. Daily. 
monthly, and yearly operating data 
were studied. No correlation eould 
be found between the B.O.D. removal 
and (1) the amount of air used per 
gallon of sewage, (2) the suspended 
solids in the mixed liquor, (3) the de- 
tention period in the aeration tanks, 
or (4) the volume of air used per 
pound of B.O.D. removed. The load- 
ing on the activated sludge plant 
varied from a vearly average of 11.2 
to 24.2 Ib. of B.OLD. 


dewatered 


in the aeration 
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tank influent per day per 1000 Ib. of 
suspended solids in the mixed liquor 
per hour of aeration. One would ex- 
pect that the percentage removal of 
B.0.D. would vary inversely with this 
loading (1). Such, however, was not 
the case. For example, the percentage 
removal was greater in 1944 and 1945 
with a high loading than in 1940 and 
1941 with a considerably lower load- 
ine, 

One interesting fact is that as satis- 
factory an effluent was obtained when 
the sludge index was high as when it 
low. For example, the 5-day 
3.0.D. and suspended solids the 
effluent for 1945 were 14 and & p.p.m., 
respectively, with an average sludge 
index of with a 
3.O.D. of 14 p.p.m. and a suspended 
solids content of 13°) p.p.m. during 
1941 with a sludge index of 99. 

Operating data relating to the two 
activated sludge thickening tanks are 
viven in Table VIL. During 1940 and 


Was 


383, as eompared 


1941) considerable thickening of the 
sludge was effected. For example, in 
1941 the solids content of the sludge 


was increased from 1.1 to 2.1 per cent. 
During 1947, the solids in the unthick- 
ened and thickened sludge were 0.57 
and 0.64 per cent respectively. It is 


most probable that the high sludge in- 
dex from 1943 to 1947, inclusive, was 
the reason that both the unthiekened 


Flow of Sludge 


Year Vo From To 
gal per meg gal. 
sewage) sewage) | 
140 | 5,400 | 0.9 
1941 | 4,200 | 1.1 
1942 1,500 | 0.9 
1943 12,100 O49 
144 24,900 20, 100 0.6 
1945 29,100 23,420 0.6 
1046 25,000 19,600 O51 
1947 | 20,600 0.57 
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and the thickened sludge had a low 
solids content. 

The two thickening tanks were de- 
signed to thieken the excess activated 
sludge resulting from the treatment of 
an average flow of 40 m.g.d. of sewage. 
Each tank designed to handle 
160,000 gal. daily of excess sludge and 
provide a detention period of 2.4 hours 
at this flow. As the volume of excess 
sludge generally has been in exeess of 
this amount, both tanks often 
used. 

The amount of chlorine added to the 
supernatant of the thickening tanks 
has varied from a vearly average of 
4.8 to 11.4 p.p.m. 


Was 


were 


Chlorination of Final Efituent 


The sewage works effluent is chlori- 
nated during the summer.  One-ton 
chlorine eylinders are delivered to the 
sewage works by truck and are stored 
on an outdoor wooden platform that 
holds 24 evlinders. Sixteen evlinders 
in two banks are usually in-service. 
Two 1-in. interconnected manifold pipe 
lines connect the two groups of evlin- 
ders with three rotometers. Having 
the piping and the rotometers in tripli- 
cate permits the repairing of one of 
them without the necessity of discon- 
tinuing echlorinating operations. The 
discharge piping from the rotometers 
connects with an ejector, operated by 


Effluent from Thickener 


anks 
Volatile | 
Thickener (ary basis, %) | eee j Cl 
1.9 80.9 1S 
2.1 79.2 S1 114 
14 80.1 197 7.3 
1.1 230 0.1 
OS 10.7 
0.7 116 10.3 
0.65 77.6 42 "3 
O64 TOA 61 
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TABLE VIII.— Quantity of Chlorine Used to 
Treat Final Effluent 


] 

Chlorine 
Dosage 
p.p.m.) 


Sewage Chlorinating 
rreated | 
m.g.d days) 

85.69 151 6.11 
91.15 148 6.39 
95.65 150 5.86 


settled sewage, that produces a partial 
vacuum in this piping. The settled 
sewage containing the dissolved chlo- 
flows through two 3-in. miearta 
pipes, which are submerged in the final 
effluent conduit. There are a number 
of 14-in. holes in these pipes through 
which the dissolved chlorine discharges. 


rine 


During the season when chlorine is 
being used, an operator visits the chlo- 
rinating station every + hours and 
records the amount of chlorine used. 
Ile determines the residual chlorine in 
the effluent and adjusts the chlorinator 
to maintain a residual of about 0.5 
p.pan, after 10-minute 
period. 

Table 


chlorine 


contact 


Vill 


used 


gives the amount of 
from 1945 to 1947, in- 
During the 3 vears of opera- 
tion, an approximately 
$650 Ib. of chlorine was used daily. 
The average dosage during each year 


clusive. 


average of 


varied from 5.86 to 6.39 p.p.m. Once 


a week samples of the effluent were 
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examined for coliform bacteria. The 
results were usually negative. Ocea- 
sional samples had a M.P.N. of 25 
per ml. 


Sludge Digestion 


The sludge from the primary settling 
tanks flows by gravity into an open 
well in the Sludge Control Station and 
is pumped from there into either the 
three heated or the ten unheated di- 
gesters. During the early operating 
period of the activated sludge plant 
the thickened activated was 
also pumped into the above mentioned 
well. This method of handling the 
activated sludge was soon discontinued, 


sludge 


as it contained large volumes of water 
which oceupied considerable space in 
This now 
pumped into the raw sewage and is 
removed from the primary settling 
tanks. Pertinent data concerning the 
sludge added to the heated = di- 
gesters are given in Table IX. 

The variation in the amount of raw 
sludge pumped into the digesters has 


the digesters. sludge is 


raw 


been due to the necessity of taking the 


digesters out of service from time to 
time. During the &-vear period from 
1940 to 1947, one of the 
three heated digesters has been out of 
82.4 


inclusive, 


service an average of davs a 
year, or 7.5 per cent of the time. The 


operation of the digesters has been in- 


TABLE IX.-—Operating Data for Heated Sludge Digesters 


lank Capacity 


530.0000 554.700 
943.000 515.800 
956 535 800 
447.000) 496,000 
$81.00) 554.700 
OOO 354.700 
466.000 
426.9000 


Added Sludge Withdrawn 


Thin Sludge 


1945 
1946 
1047 
: 
/ 

A | 

= 
= 
ag Available Raw dee 
Diges Phick Sludge 
t Vear Poy b. Dry 

Daily tent Rasi Ir Solids Solid Dry Solid 
tons D Solids Con 1 Solids | Con 

tons tons) | (% 

- 

3 6 7 8 10 11 12 13 

1940 1.04 15 16.05 OAT 81.2 OS! 7.5 8.2 188 
1041 0.05 13 44.56 O17 79.2 $04 26.5 2.2 
0.06 13 15.18 O17 3.5 81.9 68.2 23.7 
1943 1A 6.06 O15 3.5 $4.1 O74 18 
15 43.70 O16 R305 oll 70 76.4 1s 
1945 1.09 ou 3.3 22 14 
1046 115 | 2801 0.13 79.6 23.2 | 2.4 
1047 1.45 4.04 0.12 8.7 78.3 - 15.5 2.3 

: 
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terrupted for a number of reasons. It 
has been necessary to empty two of 
the digesters to remove large aecumu- 
lations of grit that prevented the ro- 
tating mechanism from _ operating. 
On another occasion the 6-in. heating 
coils in one of the tanks became dis- 
lodged from the supports and were 
replaced. The east iron housing con- 
taining the drive gear for one of the 
digesters broke and was repaired, and 
the steel liners in the ball-bearing race 
at the top of the sludge. stirring 
mechanism broke and the race had to 
be replaced. 

Krom 1940 to 1944, inclusive, a some- 
what coneentrated sludge with- 
drawn at regular intervals from the 
bottom of the heated digesters. The 
dry solids and volatile content values 
of the withdrawn sludge are shown in 
Table IX. During the first 5 vears of 
operation thin sludge containing a 
yearly average from 1.6 to 2.2 per cent 
solids was drawn from an intermediate 
zone in the tanks, and during the last 3 
years of operation sludge was removed 
only from this intermediate zone. <All 
slidge drawn from the heated tanks 
was pumped into 10 unheated open 
tanks. 

The digesters were heated by 
pumping hot water through the 6-in. 
pipe coils in the tanks. The quantity 
of water pumped through each pipe 
coil varied from about 60 to 170 
vpn. largely depending on the sea- 
son of the year. The temperature of 
the hot water as it entered the pipe 
coils was normally maintained below 
140° F., and the amount of heat added 
to each tank varied from approxi- 
mately 400,000 to 2,800,000 B.t.u. per 
hr. The average vearly temperature 
in the three heated digesters ranged 
from 71.9° to 85.0° F. Temperatures 
varving from 90° to 100° F. were main- 
tained in the tanks for considerable 
periods of time. 

The average vearly 
the 


transfer 


(Table X) 


heat 


through pipe coils 


varied from 10.7 to 19.4 B.t.a. per sq. 


BACK RIVER SEWAGE WORKS, BALTIMORE, MD. 


569 


TABLE X.—Heat Transfer Through Pipe Coils 
in Sludge Digesters 1, 2, and 3 


| | 


Heat Transfer 
Through 


Year Temperature Bee 
hr. degree temp. 
diff.) 
1940 81.4 16.5 
1941 78.2 19.4 
1942 84.3 17.1 
1943 S18 12.2 
1944 85.0 10.7 
1945 79.3 11.8 
1946 79.2 11.5 
1047 71.49 


ft. of pipe surface per hour per degree 
temperature difference. 1941 
there has been a gradual decrease in 
the heat transfer due, undoubtedly, to 
scale forming on the outside of the 
pipes. 

When heated digester No. 1. was out 
of service for repairs during the latter 
part of 1947 the thickness of the seale 
on the heating coils was determined 
(Table XI). The hot water enters the 
top coil and leaves through the bottom 
coil. The seale varied from 4, to 


Since 


TABLE XI.--Thickness of Scale on 6-Inch 
Heating Coil in Sludge Digester No. 1 * 


Distance 


Seale Thickness 
Remarks 
0 3/16 1/4 3,8 | Beginning Ist coil 
78 0 | 3/16; 1/2 
154 |1/16'1/8 | 1/4 
230 | 1/16, 1/8 | 3/8 
304. 3/16 3/16 1/2 Beginning 2nd coil 
382 0 1/4 1/4 
458 | 1/16, 1/4 | 1/4 
534 | 1/16) 1/4 | 1/4 
608 (1/8 1/4 | 3/8 | Beginning 3rd coil 
686 1/16 3/16 1/4 
762 | 1/16) 1/8 | 3/16 
838 | 1/16) 1/8 | 3/16 
912 (1/8 | 3/16 3/16 | Beginning 4th coil 
O 18) 3/16 
1066 «1/16 1/8 3/16 
1142 | 1/16,1/8 1/8 
1213 | Tr. | 1/16) 1/16 


* Tank in continuous service’for 11 years 
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TABLE XII.-Gas Production from Digesters 


1, 2, and 3 


Quantity 


Daily} Matter | 
Added | 


Cu. Ft 
Daily 


1940 
1941 
1942 


66.1 
Af 65.6 
56 | 65.9 
64.7 
66.7 
66.3 
65.8 
66.6 


790,200) 
842,600 
904,900 
1943 | 744,100 
1944 | 778,700 
1945 | 779,500 
1946 | 642,500 
1947 | 442,400 


nN 
bs 


— 


Ww 


in. in thickness and was thickest on the 
bottom of the pipe and thinnest on the 
top. The scale formed over a period 
of 12 vears and 1 month, during which 
time the tank was out of service 15 
months. The heat transfer through 
the heating coils during the last four 
months prior to shutting down the 
tank dropped to 2.7 B.t.u. per sq. ft. 
of heating surface per hour per degree 
of temperature differential. 

The gas production from the three 
heated digesters has varied (Table 
XII) from a yearly average of 442,400 
cu. ft. per day in 1947 to 904,900 cu. 
ft. per day in 1942. That large quanti- 
ties of volatile solids are being de- 
stroyed is evidenced by the weight of 
this In 1942, 32.3 tons of gas 
were produced daily, or 71.4 per cent 
of the dry sludge solids added to the di- 


fas. 
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Gas production, nmicuftd 
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gesters. It should be remembered that 
the weight of the gas evolved from di- 
gesting sludge is greater by 15 per 
cent, or more, than the loss in weight 
of the sludge (2). The rate of gas pro- 
duction varied from 10.5 to 14.0 eu. ft. 
per lb. of volatile matter in the raw 
sludge added to the digesters, or from 
1.49 to 1.66 cu. ft. per capita served. 
The per capita production — is 
greater than normal, as the sewage is 
relatively strong, with a somewhat 
high solids content. 

It is important to know with what 
frequency low gas productions are to 
be expected at sewage works, espe- 
cially where most or all of the gas is 
used. To answer this question the day- 
by-day gas production during 1940 
was studied. This year was selected 
as there was an uninterrupted flow of 
from all three of the digesters 
throughout the year. The results of 
this study were plotted on Hazen 
probability paper and are shown in 
Figure 7. The gas production aver- 
aged 790,200 eu. ft. daily and can be 
expected to be less than 485,000 cu. ft. 
daily for 0.5 per cent of the time, or 
1.8 days a year, and less than 570,000 
cu. ft. daily for 5.0 per cent of the 
time, or 1814 days a year. These pro- 
ductions can be looked for only if all 
three digesters are in operation and 
are receiving the amount of solids di- 
gested during 1940. 

The methane content of the gas has 


vas 


Working capacity of tanks 554,700cuft 


90 95 99 399 


FIGURE 7.—Range and frequency of gas production from three heated digesters 
during 1940. 
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TABLE XIII.—Unheated Data 


BALTIMORE, MD. 


| Sludge to Digesters 

From Primary Tanks From Heated Digesters 

| Digestion 
Year Quantity Quantity | Period 

Vol. } Vol. (days) 

Solids Solids, Solids Solids, 
Dry Content Dry Drv Ce nt Dry 
Mil. Solids %) Basis Mil. Solids | (% 
Gal. (tons (%) Gal. (tons 
| daily) daily) 
3 

1940 | 52.99 24.0 3. 9 81.2 0.93 0.81 7.5 58.2 100 
1941) 54.59 22.8 3.6 79.2 2.83 3.04 9.2 56.0 O4 
1942 | 72.90 29.7 3.5 81.9 3.04 2.06 5.8 68.2 72 
1943 | 97.89 39.9 3.5 84.1 0.89 0.74 7.1 68.2 dd 
1944 92.95 41.2 3.8 83.5 0.14 0.11 7.0 | 76.4 58 
1945 | 85.30 | 32.9 3.3 82.0 103.2 22.9 19 | — 29 
1946 | 107.74 | 37.6 3.0 79.6 83.1 23.2 2.4 | - 29 
1947 | 122.28 | 52.9 | 3.7 78.3 57.2 63 | 23 | — 30 


Sludge from Digesters 


To Sludge Drying Beds 


To Vacuum Filters 
Year Quantity Quantity 
Dry | Solids, 
i | Dry | Solids | Dry Dry 
Mil. Solids | (%) | Basis Mil. Solids 
Gal. (tons | (%) Gal. (tons 
daily!) daily) 
a) | ay | aa | aa) | aa) | as) | 6) 
1940 | 33.81| 26.0| 5.2 | 583| — | — | 
1941 | 36.56 | 30.3 | 4.5 | 59.5 | 12.75| 3.49 
1942 | 46.04! 31.8 | 4.6 | 60.8 3.66 | 1.25 
1943 | 53.71| 28.9 | 3.6 | 67.0 | 12.74] 5.23 
1944 | 59.74| 35.7 | 34 | 68.7 | 5.07] 1.77 
1945 | 48.32 | 34.8 | 3.8 | 68.6 4.40) 2.13 
1946 | 41.43] 31.6 | 4.1 61.1 1.92} 0.88 
53. 50 | 41.3 | 3.6 | 62.8 | 8.85] 3.92 
| 


Tonnage based on a 365-day vear. 


varied from a yearly average of 64.7 
to 66.7 per cent. Numerous analyses 
of the gas showed the H,S content 
varied from 4.1 to 64 grains per 100 
cu. ft. 

Details regarding the operation of 
the unheated sludge tanks are given in 
Table XIII. Raw sludge that was 
not pumped into the heated digesters 
was added to these tanks. The aver- 
age yearly additions of raw sludge 
have varied from 22.8 to 52.9 dry tons 
daily. When all three of the heated 


To Lagoons 


Total Dry 


Solids 
Quantity 
| Vol 
Dry Solids Dry 
Solids | Dry | Dry | Solids Tons 
(%) Basis |} Mil. | Solids | (°%) | Tons} per 
(%) | Gal (tons | Daily) M.G. 
| | daily) | Sewage 
az) | as) | aa | (20) » (21) ‘| | 
— | 26 | 0.20 
2.4 67.8 | 8.64) 3.52 3.5 | 37.3} 0.42 
3.0 63.3 — |33.1) 0.35 
3.6 67.8 3.11} 0.69 | 1.9 | 34.8} 0.35 
3.0 70.3 | 8.54] 2.88 | 2.9 | 40.4] 0.39 
4.6 70.3 | 18.31) 6.43 3.1 | 43.4) 0.40 
4.0 66.1 | 11.41 | 4.24 | 3.2 | 36.7} 0.32 
2.8 65.4 | 1.45) 0.39 | 2.3 | 45.6) 0.39 
| | 


digesters were in service, the quantity 
was a minimum. All of the sludge 
from the heated digesters is pumped 
into the unheated tanks, which thus 
serve to a limited extent as secondary 
digesters. The digestion period in 
these tanks has varied from 29 to 100 
days. 

As indicated in Table XIII, the 
weight of dry solids drawn from the 
unheated digesters, exclusive of the 
year 1940 which is not typieal, has 
varied from 33.1 to 45.6 tons daily, 
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FIGURE 8.—Moisture trap. 


from 0.32 to 0.42 ton per mew. of sew- 
| 


ave. 
Sludqe Filtration 


After the vacuum filters were put in 
service in 1938, a few alterations in the 
design of the equipment were made to 
improve operating eonditions. Chief 
among these was the method of mixing 
the and the sludge. As 
originally planned, the mixing was to 
be done by blowing air through 
diffuser tubes suspended in the sludge. 


coagulant 
several 


This method of mixing proved ineffee- 
tual and was superseded by slow-speed 
paddles. 
The first 
designed to 


filters installed 


operate at 


two were 
that 
could be varied from 30 to 180 see. per 
revolution. Experience has indicated 
that a drier and better 
were obtainable by operating the fil 
The 


speeds 


cake results 


ters at slow speeds filters have 


been equipped with slower speed drive 


motors, operating at speeds from 60 to 
360 sec. per revolution. 


The trough of each filter was pro- 
vided with a float and a float switch for 
ringing an alarm if the sludge becomes 
These floats were un- 
satisfactory as they became coated with 
sludge solids and failed to operate 
properly. They have replaced 
with insulated rod-like probes that 
have none of the defects of the floats. 

Although moisture traps were = in- 
stalled the filters and the 
vacuum pumps and were placed ap- 
proximately 20 ft. above the vacuum 
accumulated the 
the re 
this, a 


excessively high. 


been 


between 


receivers, water 


whieh are of 
To 
specially designed moisture trap (Fig- 
the 
piping leading to the vacuum pumps 

With the exception of one test made 
with canton flannel, which proved un 
satisfactory, all of the filter cloths have 
been made of 12-0z. wool. During the 
9-year period that the filters have been 
in operation, the cloths have had an 
average life of 1496 hours. 


pimps, 


ciprocating type. prevent 


ure &) was installed in vacuum 
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TABLE XIV. and F Data 


Sludge Elutriate | Filter Cake 


triated | of Elu- | 
| ry Solids Qutpr 
Sludge | triating | fs Dry Solids Output | ating 
Alka- | Water : Alka- | 5-Day Cent Mois-| Period 
linity! to | linity | B.O.D. | of Dry | | ture | (days) 
p.p.m.)| Sludge | } (p.p.m.)| (p.p.m. | Solids ots Per | (%) 
(p.p.m.)| Day | Sq. Ft.) 
| (tons)? | per Hr. 


| Oper- 
| Oper 


1940 | 2710) 79 | 49 | 277 | 5. 9,572, 32.56) 4.97 | 77.2| 204 
1941 | 2410) 7.2 | 5.1 | 486 | 236 5.73 | 11,062 37.37) 4.77 | 76.5 

1942 | 2540! 7.0 | 49 | 515 83 | 238 | 5.98 | 11,599) 38.92) 4.49 | 76.4 

1943 | 2920; 7.2 | 4.5 | 56 : 316 | 6.03 | 10,524 35.43| 3.85 | 76.7 
i944 | 5201 | 6. 5 | 12% 98 | 13,007) 43.65 | 5.13 | 76.7. 
| 3565 | 6. 64 | 169 | 4s 12,665, 43.98 | 5.86 | 75.0) 
1946 | 2384 5. 384 | 96 208 3.19 | 11,523) 39.87) 4.30 | 75.4) 
1947 | 2210 6.5 5. y 5.5 15,094 51.34 4.20 73.8 | 


Average! 2992 | 7. 5.3 | 541 | 117 | 252 | 5.57 | 11,681| 40.39) 4.70 | 76.0| 


' For quantity and analysis of unelutriated sludge see Table XIII. 
* Average daily output based on actual number of days of operation. 
3 Anhydrous chlorinated copperas. 


The vacuum filtrate piping in the in- — filtration data are given in Table 
terior of the filters consists of brass XIV. 
fittings and copper pipe. Some of this 
pipe started to fail at the threaded 
connections after about 6 year’s serv- 
ice. Consideration is being given to 
the use of some type of plastic piping 
for this service. 


Sludge Drying Beds and Lagoons 

To provide room in the digesters 
sludge was drawn to the drying beds 
and lagoons from time to time. This 
material was usually low in solids. At 


no time during the 8-year period was 
lhe quantity and the analysis of the ea . 

a the sludge removed from the beds after 
sludge that was filtered is given in 
it had dried. One year’s application 
fable XIIL. The volume of sludge 

Was superimposed on that of the pre- 
filtered varied from a minimum of 

33.81 m.e. in 1940 to a maximum of 

59.74 in 1944, ; he solids ¢ Filter Cake Disposal 

9.74 m.g. in 1944, and the solids and Ss} 

volatile content were as shown in All but a small portion of the filter 
Table XITL. Sludge conditioning and = eake was piled on the sewage works 


TABLE XV.—Cost of plone Treatment 


Fixed Costs | Operating Costs Fixed and Operating Costs 


Per | Per } Per ~~ Per Per 
M.G. of | Capita Total M.G. of | Capita | Tote | M.G. of | Capita 
Sewage Per ie rt 3) | Sewage | Per Year | %) Sewage Per Year 
| ($) | (3) ($) 
1940 | 546,194 | 16.90 | 0.68 | 180, 373 | 5.58 0.22 | 726,567 | 22.48 | 0.90 
1941 546,194 16.74 | 0.67 | 190,990 | 5.85 | 737,184 | 22.59 | 0.90 
1942 | 561,401 | 16.41 0.61 195,702 | 5.72 b 757,103 | 22.13 | 0.82 
1943 | 561,409 | 15.38 | 0.60 206,150 | 5.65 | .22 767,559 21.03 0.82 
1944 | 561,409 | 14.64 0.60 251,797 | 
1945 | 561,800 | 14.23 | 
1946 | 561,879 | 13.62 | 
1947) 566,911 | 13.10 


6.56 k | 813,205 | 21.20 | 0.87 


0.60 | 271,652 | 6.88 29 | 833,452 21.11 | 0.89 | 
0.60 | 287,230 | 
0.60 | 312,208 | 7.43 34 888,119 | 20.53 0.94 


6.96 | 0. | 849,109 | 20.58 | 0.91! 


Vol. 21, No. 3 573 
= 
| 
| | 
Year 
: 
; 
2 i 
- — 
3 


SEWAGE WORKS JOURNAL May, 1949 


Operating and Maintenance Costs for 1947 


freatment Unit 


Mechanically-Cleaned Sereens 
Grit Chambers 
Preliminary Settling Tanks 
Fine Screens 

Trickling Filters 

Humus Tanks 

Activated Sludge Units 
Chlorinating Final Effluent 
Sludge Digestion Tanks 
Vacuum Filters 

Final Sludge Disposal 

Care of Grounds 


Total 


property. A portable belt conveyor 
deposited the sludge in a pile nearby 
after leaving the filter building, and 
a 5-ton gasoline-driven crane, equipped 
with a '4-yd. bucket, loaded the sludge 
on trucks. Three trucks were gener- 
ally required to haul the sludge away 
from the building and deposit it on the 
sewage plant grounds. <A small quan- 
tity was used by gardeners, farmers, 
and others for fertilizer purposes. A 
modern heat-drying plant will be built 
to dry the material for use as a base in 
making fertilizer. 


Corrosion of Metal 


The corrosion of metal surfaces has 
been a difficult problem at the sewage 
plant. Of the various metals that have 
been used, steel and copper have de- 
teriorated the most. At some loeations 
in the plant the rate of corrosion is 
vreater than at others. Steel gratings 
on the trickling filters that were ex- 
posed to the sprays ot sewage were very 
Hhadly rusted after about 10 years of 
service. These gratines have been re 
placed by cast iron, which is giving ex 
cellent service. 

Copper gutters and downspouts on 
many of the buildings have deterio- 
rated. Fly screens made of copper 
and aluminum proved unsatisfactory. 
Bronze and monel have been used for 


Opers P 
Operating Maintenance perating and 
Costs Costs Maintenance 


($) | ($) 


13,509 5,388 18,897 
7,163 : 10,307 
20,052 365 30,917 
8,713 4,2: | 12,967 
12,496 15,895 
878 955 
73,651 748 80,399 
21,652 | 2,8: 24,506 
16,263 27,614 
41,803 23,959 65,762 
18,216 5,271 23,487 
8,620 882 9,502 


243,016 78,192 | 321,208 


humerous purposes with considerable 
success. Cast iron is also quite serv- 
iceable. 

Ferrous and ferric¢ solutions are diffi- 
cult to handle. Rubber-lined pipe and 
iron pipe containing a high silica con- 
tent have proved satisfactory when 
handling these solutions. Chlorine gas 
and solutions containing chlorine are 
also highly corrosive. Rubber-lined 
steel pipe, hard rubber pipe, and mi- 
carta pipe have given good results 
when subjected to the action of chlo- 
rine. However, hard rubber pipe is 
easily broken and micarta pipe may 
fail if it is subjected to heavy strains. 


Treatment Costs 


The cost of sewage treatment for 
each year from 1940 to 1947, inclusive, 
is given in Table XV. The fixed costs 
varied from $13.10 to $16.90 per m.g. 
of sewage and from $0.60 to $0.68 per 
capita vearly. These fixed costs are 
based on the first cost of the plant in- 
creasing from $9,753,465 in 1940 to 
$10,123,403 in 1947. An interest 
rate of 4.1 per cent has been used, 
which is the average rate paid on stocks 
sold to finance the construction of the 
plant. Depreciation based on the sink- 
ing-fund method is taken to be 1.5 per 
cent yearly. 

Since 1940 operating and = mainte- 
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TABLE XVII.—Cost of Sludge Digestion 


Raw Sludge 
— Handled, 
| Dry Solids 
(tons) 


1940 | 25,610 
1941 24,610 
1942 | 27,310 
1943 | 28,030 
1944 | 30,980 
1945 | 26,430 
1946 | 24,320 
1947 | 28,207 


Cost of 
Digestion 
Tanks 


($) 


| 685, 306 


685,396 
685,396 
685,396 
685,396 
685,396 
685,396 
685,396 


Fixed Charges 


36,189 
36,189 
36,189 
36,189 
36,189 
36,189 
36,189 
36,189 


Dry | | Dry Solids 
| 


1. 41 
1.47 
1.33 
1.29 
1.17 
1.37 
1.49 
1.28 


nance costs have increased from $5.58 
to $7.48 per mg. and from $0.22 to 
$0.54 per capita yearly. 
s-year period the annual operating 
costs have increased approximately 73 
per cent, due to the increased cost of 


labor and materials. 


During this 


For example, 


common labor was paid $0.45 an hour 


in 1940 and $0.96 in 1947. 
current cost $0.0088 


in 


1940 


Electric 
and 


$0.0106 in 1947, an increase of a little 


over 20 per cent. 


The total cost of 


treatment, including fixed and operat- 


ine costs, ranged 
$22.59 per m.g. 
$0.94 per capita per year. 


from 
and from 


$20.53 
$0.82 to 


to 


The cost of operating and maintain- 
ing the individual treatment units dur- 
ing 1947 is given in Table XVI. The 


Quantity 
Dry Solids 
Filtered 
(tons) 


Operating and 


Maintenance Costs Total Costs 


| 
a Per Ton of | , | Per Ton of 


| Per Ton of 
Dry Solids 
$ 


Total 
($) 


15,650 0.61 51,839 
17,327 0.70 53,516 
19,900 0.72 56,089 
19,374 0.69 55,563 
21,018 0.68 57,207 
19,978 | 0.76 56,167 
20,079 0.82 56,268 
27,614 0.98 


most expensive to operate were the ac- 
tivated sludge units, which cost $17.45 
per m.g. The next most expensive con- 
sisted of chlorinating the sewage at a 
cost of $0.74 per m.g. 

The cost of digesting and filtering 
the sludge is given in Tables XVII and 
XVIII. Sludge digestion costs varied 
from $1.85 to $2.31 per ton of dry 
solids and averaged $2.10. About two- 
thirds of this cost consisted of fixed 
charges and the remaining third in- 
volved operating and maintenance 
costs. The cost of filtering the sludge 
ranged from $5.68 to $7.13 per ton of 
dry solids and averaged $6.09. Fixed 
charges accounted for approximately 
one third of these costs, and operating 
and maintenance costs two-thirds. 


TABLE XVIII.—Cost of Sludge 


Cost of 
Filtering 
Equipment 
(8) 


Maintenance Costs 


! 
Fixed Charges | Operating and Total Costs 


Total 
($) 


Per Ton 


of . | Per Ton of Per Ton of 


Dry Solids Dry Solids Total | Dry Solids 


($) 


(8) 


9,572 
11,062 
11,599 
10,524 
13,007 
12,665 
11,523 
15,094 


360,772 
362,035 
363,956 
365,170 
365,170 
365,170 
366,944 
366,944 


23,822 


23,906 
24,055 
24,118 
24,118 
24,118 
24,262 
24,262 


2.49 
2.16 
2.07 
2.29 


3. 60 58,285 6.09 
3.72 65,029 5.88 
3.61 65,888 5.68 
3.82 64,332 6.11 
76,158 5.85 
| 75,169 5.93 
82,101 7.13 
| 90,024 5.96 


57,839 
65.762 


| | 
m= ; 
| | 2.17 
| 2.05 
1.98 
1.85 
2.31 
| | | | 2.26 me 
Ab 
| | 
‘ 
1941 41,123 
1942 41,833 
1943 | | 40,214 Lae 
1944 | 1.85 | 52,040 
1945 190 | 51,051 
1946 211 | 
1947 | | 1.61 | 
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In the latter part of 1943 the volume 
of primary sludge received by the 
Aurora Sanitary District seemed un- 
usually large. In appearance, the raw 
particularly black and 
For some time, also, the di- 
vester runs between discharges to the 
drying beds had been shorter than 
usual, which meant an unusual volume 
of sludge handling from the beds to 
the storage pile. The pounds of equiv- 
alent dry primary sludge for the July 
December 1943 period averaged 7550 
Ib. per day and exceeded by 28 per 
cent the daily poundage of sludge re- 
ceived the forepart of the year. Also, 
the average volatile matter increased 
slightly from 72.0 to 73.8 per cent. 
After considering the matter, it seemed 
upparent that a local paper mill was 
the source of an excessive volume of 
This mill converts all manner 
of waste paper into book board. 


sludge was 


fibrous. 


Waste. 


Original Waste Control Measures 


At the time of building the original 
Sanitary District intercepter the paper 
mill, at an expense of $10,000, in- 
stalled an Oliver filter to protect the 
District against an unusual 
of fiber in their wash-water. 


wastave 
Through 
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and John J. Hunt, sewerage engineer. 
R. J. Trautman, principal associate 
engineer, has general supervision over 
the plant and G. K. Armeling is the 
plant superintendent. 


Relation Between the Chemical Com 
position of Organic Matter and the 
Quality and Quantity of Gas Produced 
During Sludge Digestion.’’ Jbid., 4, 
154 (May, 1932 


the years 1925 to 1943 no particular 
attention was paid to this source of in- 
dustrial waste and no study was made 
as to its volume or content, it being 
known that the Oliver filter was in 
continuous use and it was believed 
that this was a reasonable gesture on 
the part of the mill to reduce the waste 
discharged to the Sanitary District 
sewer, 

Late in 1945 a conference was held 
with the paper company ofticials. The 
sewage plant operation data and the 
paper mill records were reviewed and 
the opinion advanced that the mill 
waste losses were excessive. The mill 
officials had suspected this for some 
time and were both friendly and co- 
operative. As a result of the confer- 
ence a systematic study of the mill 
waste was undertaken. 

Waste Survey Procedure 

In considering the arrangements for 
this was realized that it 
would be for the mill em- 
ployees to perform the work of record- 
ing weir measurements and collecting 
samples. This meant that the 
pling scheme adopted had to be made 


survey it 
necessary 
sam- 


simple, convenient, and more or less 
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fool-proof if it were to be successful, 
so that a minimum amount of time 
would be required by company em- 
ployees and the continuity of work at 
the mill would not be interrupted. 
These considerations dictated the ar- 
‘angements made with the mill. 

The mill operated four paper ma- 
chines. Spillage from these machines 
and wastes from other parts of the 
plant were collected by floor drains 
into a channel of rectangular section 
which meandered through the plant 
and eventually discharged into the 
District's intercepter. In making the 
wastes two important steps 
were one, to obtain the 
volume of the wastes; and the other, 
to obtain a representative sample of 
the wastes for suspended solids de- 
terminations. 


survey 


necessary ; 


Flow Measurements 


The most desirable method of meas- 
uring the volume of flow would have 
been by means of a 90° V-notch weir, 
placed in the channel discharging to 
the intercepter. It was discovered, 
however, that the only place where 
such a weir could be installed was in a 
deep manhole some distance outside 
the building. It was not practical to 
do this, due to the fact that the sam- 
ples were to be taken over the entire 
year, and each weir measurement 
would have required several minutes 
spent in climbing in and out of a man- 
hole some distance from the plant. <A 
compromise was made, therefore, and 
a rectangular weir was installed in 
the drain channel within the mill, at 
a point where all the wastes from the 
mill must using a measur- 
ing stick with a ruler at the top and a 
sharpened point on the lower end, and 
by establishing a fixed reference point, 
it was a simple matter for a_ plant 
employee to touch the surface of the 
flow with the measuring stick point, 
which acted as a hook gage, and read 
the flow over the weir from the upper 
scale at the reference point. For 
short periods, V-noteh weir measure- 


pass. 
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ments were made in parallel with the 
rectangular weir. These results indi- 
cated that the rectangular weir gave 
readings about 15 per cent low. 
While it was agreed that this was not 
the best method for measuring the flow 
it did give a relative and comparative 
record which was sufficient for the 
purpose of the survey. Occasionally, 
the mill employees had to be cautioned 
to keep sand and other debris from 
accumulating back of the weir, and 
this they did fairly well. 

For handling the samples, two 
crates were provided which had con- 
venient handles and into which six 
l-qt. milk bottles would fit. The 
bottles were labeled for the days of 
the week. A small measure was also 
provided which had a capacity of about 
one-half pint so that four of these 
measures would approximately fill the 
milk bottle for a given day. 

A sampling schedule was arranged 
so that one sample would be collected 
at 6-hour intervals over the 24 hours 
of the day. Each day’s flow was thus 
represented by four samples and the 
time at which the samples were taken 
was based on the mill routine of shift 
changes and wash-up time. With 
each sample a weir measurement was 
made and noted. The four-sample 
daily schedule adopted was a compro- 
mise between wisdom of not multiply- 
ing the work of the mill employees 
unduly and the desirability of a larger 
number of samples. However, over 
a long period the results were judged 
to be reasonably comparative. Finally, 
through the friendly cooperation of 
the Fire Department stations ar- 
rangements were made whereby the 
week’s samples were left there to be 
picked up by the District in exchange 
tor the previous week’s sample bottle 
case. This, also, was arranged for the 
sake of convenience. 


Survey Results 


This general sampling setup was 
faithfully maintained by the mill and 
proved very satisfactory over a period 
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of 445 vears. During that time, as the 
accompanying table indicates, a very 
rewarding improvement took place. 
The analytical work required at the 
District laboratory does not consume 
more than 1% hours per week for the 
analyses, recording, and reporting. 

It is important to note that the mill 
was given a written report of their 
daily operating results each week. 
This was a wise procedure since the 
mill thus received an immediate report 
of their good and bad days and could 
note any progress towards improved 
conditions. The District kept a run- 
ning graph of the results of these 
tests, and at 6-month and vearly inter- 
vals the mill was given a complete re- 
port as to the amount of waste and, 
more particularly, the improvements 
that were effected from day to day. 

At the outset, early in 1944, the mill 
fiber waste was considerable. For 
example, for the week of May 29 to 
June 3, the suspended solids content 
was 1360 p.p.m., the flow for the week 
was 1.88 m.g., and the fiber loss 
amounted to 10.6 tons. In 194s, for 
the week of May 10 to 14, the 
pended solids were 747 p.p.m., the flow 
and the fiber loss 1.8 tons. 
This contrast emphasizes the extent of 
the waste loss reductions. 

The fiber losses which were disclosed 
by the initial weekly and semiannual 
analytical reports were so large that 
the company voluntarily carried out a 
waste reduction improve- 
At that time paper fiber re- 
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portedly was worth about $30 per ton 
ready for the paper machines. 

The company made many voluntary 
efforts to reduce fiber losses. During 
1944 a study was made of the Oliver fil- 
ter in order to improve its operation. 
In the early part of 1945 the company 
augmented the Oliver filter with a 
‘*Saveall,’? which considerably im- 
proved operations and made _ possible 
waste salvage during periods when re- 
pairs on the filter or ‘‘Saveall’’ were 
required. In the meantime the com- 
pany was urged to consider providing 
a sump pit and pump in which the 
overflows from the paper machines 
and the wastes from other operations 
could be collected, since it was ob- 
served that this material, flooding to 
the floor, flowed over the floor and into 
the drainage channel below, thus by- 
passing the ‘‘Saveall’’ and Oliver 
filter. A sump pit and pump was 
finally installed and was placed in 
operation in June, 1947. 

Later, in 1947, the amount of fiber 
salvaged had increased to a_ point 
where the company added a much 
larger ‘‘Saveall’’ to work in conjune- 
tion with the ‘‘Saveall’’ installed in 
1945. In February, 1946, the num- 
ber of paper machines was increased 
from 4 to 5, so that had the above 
discussed improvements not been made 
the wasteage would have been consid- 
erably increased. By this time, how- 
ever, the control of the wastes was 
such that despite the additional paper 
machine, which accounts for the in- 


TABLE I. —Characteristics of Paper Mill Wastes, Aurora, IIl. 


Itein 


Days of mill operation 


Year Per Cent 
Reduction 
1944-1948 


1946 1948 


| 260 


| | 828 
40.4 | 23.6 
189.1 82.0 


Average suspended solids of wastes (p.p.m.) | 1460 
Total yearly waste flow (m.g.) 60.0 
Total yearly fiber loss (tons) 357.9 
Average fiber loss per day (Ib. 2680 |: 1460 1260 5 | 640 
Waste flow per week (m.g.) 1.35 0.94 3. 2.1 1.6 
Average fiber loss per week (toms) 8.0 | 4.3 0.67 0.46 
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crease in flow noted in 1946, the sus- 
pended matter dropped considerably, 
the reduction being enough to reduce 
the tonnage of waste over the pre- 
ceding vear. 


Characteristics of Waste 

Table I shows the characteristics of 
the mill wastes for the years 1944-1948. 
Data for the year 1948 are predicted 
on the assumption that the results for 
the entire year approximated those ob- 
tained during the first 6 months. 


Conclusions 


This industrial waste control experi- 
ence has been a very satisfactory one 
for the District. The relations be- 
tween the District and the paper mill 
officials have been more than friendly. 
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Certainly for the small volume of 
work undertaken at the District Lab- 
oratory the returns have been very 
large. Not only has there been a 
marked reduction in the paper waste 
load discharged to the District’s treat- 
ment facilities, but the fiber losses, 
established by the weekly analytical 
reports, have encouraged the paper 
mill officials to spend considerable 
money for waste reduction improve- 
ments. It is believed that where simi- 
lar industrial waste problems arise, the 
manner in which a waste control pro- 
gram is set up and the type of ap- 
proach used towards management will 
determine the degree of cooperation 
extended by industry. 

Good public relations are established 
when both parties to the transaction 
can show a profit. 


DIGESTER CLEANING AT FORT WAYNE 


By A. Hoor 


Superintendent, Fort Wayne (Ind.) Sewage Treatment Works 


The Fort Wayne activated sludge 
plant has four digesters, each 90 ft. in 
diameter, with a 29-ft. effective depth 
and a volume of 1,400,000 gallons. 
These digesters are equipped with six 
3-in. heating coils located 2 ft. from 
the wall of the tank, which provides 
1700 ft. of coil length for each di- 
gester. As would be expected, the 
coils gradually become coated with 
sludge, with the result that the trans- 
fer of heat is materially diminished. 
The consequence is that periodically 
the tanks have to be taken out of serv- 
ive, cleaned, and the coils de-sealed. 

Two digesters were cleaned in No- 
vember 1948. Pumping was started 
on the first full digester on Monday, 
Nov. 1. By 8 p.m. the floating cover 
was down to the stops. By 6 A.M. 
Tuesday morning auxiliary flushing 
water had to be provided, raw sewage 


being used for this purpose. Pump- 
ing of the digesters was continued 24 
hours a day until Saturday morning 
by which time the major portion of 
the sludge had been pumped out. 

The following Monday morning the 
mechanical crew took over, finished the 
flushing, and then did the de-sealing 
of the heating coils. Forty-four 
wheelbarrow loads of grit and scale 
were removed from the digester. The 
amount of flushing water used was 2.5 
m.g., of which 1.9 m.g. was raw sewage 
and 0.6 m.g. city water. The digester 
was refilled with raw sewage the 
second Friday and was ready for 
operation again on the third Monday, 
or 2 weeks, from the day the work was 
started. The flushing required 120 
man-hours, and the de-scaling and re- 
moval of scale and grit required 124 
man-hours, 
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OSO SEWAGE 

The 2.5 m.g. of flushing water was 
pumped to a 3 m.g. lagoon and the 
supernatant from there was brought 
back to the plant. After 2 days set- 
tling supernatant liquor from the la- 
goon contained 100 p.p.m. suspended 
solids and 105 p.p.m B.O.D. 

The second digester was also cleaned 
in November, with comparable data. 
At the conclusion of the second clean- 
ing and withdrawal of the supernatant 
liquor from the lagoon, the lagoon was 
approximately half full of sludge. 

The removed from the 
varied from 14 to \4 in. in thickness 
and had the following approximate 
unalysis: 


scale coils 


Item Per Cent 
Acid insoluble 6.1 
RO; 20.8 
CaQ 67.6 
MgO 1.4 
SO), 1.3 
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The digester cleaning was 
plished under the direction of 
Brunner, chief chemist. As 
tioned, Brunner utilized raw sewage 
for flushing and refilling the tank. 
The use of the raw sewage made it pos- 
sible to fill the digester again until the 
cover floated, without any danger of 
sewage gas being present in any ap- 
preciable amount. 

As would be expected, the heat 
transferred from the clean heating 
coils was appreciable. The first day 
circulating water temperatures were 
120° F. to the digester and 72° F. 
from the digester. The temperature 
of the sewage with which the digester 
was filled was 64° F., and in 4 days’ 
time the digester temperature was up 
to the low 80’s. Within 2 weeks it had 
reached the low 90's. 

Suffice it to say an external heat ex- 
would be looked 
favor at Fort Wayne. 
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GADGETS FOR SEWAGE WORKS 


By Ropert N. GALLOWAY 


ndent, Oranue 


Garden Grove, 


The old saying that necessity is the 
mother of invention is as true around 
a sewage treatment plant as anywhere. 
When a treatment plant operator in- 
vents anything, however, it is known 
as a gadget. 

At the Joint Outfall Sewer plant a 
few gadgets have developed 
which may be of interest to other 
operators. In describing them the 
situations which led to their creation 
will also be briefly discussed. 


been 


Clarifier Inlet Baffle 


A suspicion that the clarifiers were 
not as efficient as they should be was 
taking settleable solids 
tests at the quarter points around the 


confirmed by 


County Joint Outfall Sewer 


Treatment Worl 


Calif. 


tank periphery and by adding dye to 
the clarifier influent at different rates 
of flow. It was determined that about 
25 per cent of the clarifier was doing 
about 75 per cent of the work. This 
condition seemed to be due to the angle 
at which the sewage entered the in- 
fluent diffuser well. After  experi- 
ments with baffles of several types, a 
baffle with an 
extended from about 6 in. below the 
top of the inlet feed pipe to the bottom 
of the diffuser well and traversed the 
diameter of the inlet diffuser well, was 
found to be the most satisfactory. 
With this baffle the inlet stream is di- 
vided into four parts 
straight down, resulting In more uni- 
form distribution throughout the tank. 


cross-section, which 


and forced 
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Eliminating Scum Problems 


An annoying problem developed 
with light material, which had eseaped 
the bar sereen, floating to the surface 
between the clarifier scum baffle and 
the effluent weir. This trouble was 
overcome by attaching an extension to 
the seum arm and fastening a rubber 
scraper on it which dislodges anything 
that catehes on the weir. 

In the citrus season considerable 
quantities of orange peel and pulp are 
received at the plant. Because of this 
material it wasn’t unusual to find the 
clarifier scum troughs plugged and 
the sweeps gathering more seum and 
shoving it over the top of the trough. 
To remedy this trouble, a nozzle was 
attached to a water line and a valve 
installed which could be opened or 
closed by the clarifier seum sweep at 
the proper time. The trough is now 
flushed with each revolution of the 
scum sweep as the scum load is being 
dumped, 


Automatic Sampling Device 


In 1946 a weekly sampling schedule 
was started, with samples taken in 
proportion to the flow every half hour 
for 24 hours. This allowed the opera- 
tor very little time for other duties, so 
the schedule was arranged for hourly 
samples, but still there wasn’t much 
accomplished in the way of plant main- 
tenance on sample day. The only an- 
swer to the problem was more gadets. 

An old-fashioned paddle wheel was 
installed in the effluent flume, with the 
perimeter of a 24-in. wheel bearing 
against a small rubber pulley on the 
axle of the paddle wheel for speed re- 
duction. A small eup was attached to 
the 24-in. wheel by means of an arm. 
At the bottom of each revolution this 
cup pieks up a sample, spilling it into 
a trough at the top of the wheel revo- 
lution. The paddle wheel blades are 
tapered causing it to speed up with an 
increase in flow, thus taking eare of 
proportioning the quantity of sample 
to the rate of flow. 
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The influent sampler had to be con- 
structed to handle an 18-in. variation 
of the sewage level in the flume. In 
addition, there is considerable turbu- 
lence at this point, since the sampling 
station is at the diversion box into 
which the pumps discharge. Obvi- 
ously a paddlewheel was out of the 
question, so a piece of pipe was bent 
in a half-circle, with a diameter of 18 
in., and fitted at right angles to a 
horizontal pipe which extends through 
the wall of the diversion box. This 
half-circle pipe arrangement is rotated 
by a small motor through a series of 
gears. The open end of the half-cir- 
cle pipe travels down through the fluid 
to the zero flow level and picks up a 
cross-section of sample in proportion 
to the amount of flow. The sample 
runs out through the horizontal section 
of the horizontal drive pipe when the 
curved section reaches the top of the 
revolution. 


Chlorine Cylinder Rack Improved 


Another gadget, which has made the 
connection of chlorine evlinders easier, 
is made with four ball-bearings, pre- 
ferably about 4 in. in diameter. These 
are arranged in pairs on the chlorine 
evlinder rack at the place where the 
cylinder is connected to the feed line 
and form a sort of cradle on which the 
tank can be placed and turned so that 
the valve is in the proper position to 
be connected to the line. 


Portable Digester Cover Scaffold 


The floating cover of the secondary 
digester recently required replacement 
of all tie rods. In order to do the job, 
scaffolding had to be built. A conven- 
tional seaffold was erected around the 
center column of the cover to put up 
the center ends of the rods, but the 
ends which fastened to the skirt of the 
dome presented more of a problem be- 
cause the bottom of the skirt is about 
20 feet above the steeply-pitched di- 
vester floor. The added problem of 
moving a seatfold of this height from 


a 
ay 
" 
: ia 
| 


SEWAGE WORKS JOURNAL 


May, 1949 


FIGURE 1.—A-frame built for plant truck. 


place to place around the digester 
would have made the construction and 
use of a conventional seaffold prohibi- 
tive. Also, to scaffold completely 
around the tank would require several 
thousand feet of lumber and a consid- 
erable amount of labor. 

A gadget solved the problem. It 
had the appearance of a figure 4 with 
a very long leg, and when in place it 
hung upside down just below the bot- 
tom of the skirt, suspended by its leg 
to which a hook was bolted that hooked 
over the top of the conerete digester 
wall. The triangle formed by the fig- 
ure + pointed toward the center of the 
tank and extended out about 5 ft. from 
the wall. When turned parallel to the 
wall it could be raised between the 
floating cover skirt and the wall to the 
top of the digester, enabling it to be 
moved from place to place. 

Four of these inverted 4’s were made 
and hung about 8 ft. apart inside the 
digester where they formed the frame- 
work for the seaffold. Flooring was 
laid across three of them, and, when 
the work was finished at one place, the 
floor boards were shoved on to the 
fourth scaffold holder, leaving one to 
be taken ahead ready for the next 
move. Two men worked on this plat- 
form throughout the job, and at times 
there three men on it 
weight, together with equipment, would 


were whose 


approximate 1000 pounds. The men 
were protected with safety belts at all 
times, and a fire extinguisher was kept 
on the scaffold in case of fire from the 
welding equipment. 


Use of A-frame 


Just prior to the task of repairing 
the digester, construction of an ‘‘A”’ 
frame, with an extension boom, for the 


truck was completed. When the boom 
is fully extended it reaches upward to 
26 feet. It proved to be quite a time 
and labor saving device in_ hoisting 
steel, lumber, and equipment to the 
top of the digester. The *‘A’’ frame, 
Figure 1, is attachable to either end 
of the truck and is one of the most 
useful tools at the plant. Among other 
things, it has been used to pull the 
deep-well pump from the water well, 
to lift the bar screen out for repairs, 
to remove several tons of 
ing sand from a elarifier, and to carry 
heavy equipment around the plant. 
A small, high-pressure pump has been 
attached to the power take-off at the 
rear of the truck and is used for spray- 
ing weeds about the plant yard. 

The above described gadgets which 
have been developed have more than 
proved their worth in the 
time and labor they have 
sible. 
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Editorial 


TWO NEW PUBLICATIONS 


Uniformity of practice, in so far as 
it is feasible under widely varying 
conditions, has many advantages. This 
aim is embodied in two new publica- 
tions of the Federation, one dealing 
with sewage works accounting proce- 
dures and the other with technical 
nomenclature. 

The Tentative Manual of Practice * 
entitled ‘‘Uniform System of Accounts 
for Sewer Utilities’’ is probably the 
first major effort to encourage the ap- 
plication of sound, basie accounting 
principles to sewage works administra- 
tion. Before sewer revenue financing 
came into existence, only privately 
owned sewer utilities had to be con- 
cerned seriously about accounting pro- 
cedures, and eost records on publicly 
owned facilities were usually smothered 
in the casual bookkeeping operations 
that encompassed all governmental 
functions of the municipality. This 
latter condition, unfortunately, is still 
much too common where state regula- 
tions do not prescribe municipal ae- 
counting procedures. 

The accounting manual will prob- 


ably be of greatest value where 
revenue financing is used, but its 


application in all cases is strongly 
recommended. <A good system of ac- 
counts will furnish conveniently much 
information of value in the prepara- 
tion of budgets, in the planning of im- 
provements, and in routine manage- 
ment—all in addition to the basie data 
it provides for the establishment and 
adjustment of service charges in con- 
nection with revenue financing. The 
trend today is toward revenue finane- 
ing, and cities adopting this method 


* Mimeographed, 117 pp., $5.00 per copy. 


in the future will find the transition 
to be simplified and facilitated by a 
background of dependable accounting 
information. Also, uniformity of ae- 
counting practice will make it possible 
to achieve equitable comparisons of 
operation and annual costs between 
plants. 

The manual does not attempt to set 
up an original accounting system, but 
instead adapts to sewage works fune- 
tions the basie system that has been 
proved suecessful in the transporta- 
tion, water works, gas, and power 
utility fields. Presentation of the 
‘‘uniform system’’ is prefaced by a 
general introduction to the origin, 
principles, and mechanics of account- 
ing. One appendix demonstrates prac- 


cal application of the system to 
operation cost accounting; another il- 
lustrates application of accounting 


data in the development of a schedule 
of sewer service charges. 

To F. M. Veateh, chairman of the 
Sewage Works Practice Sub-committee 
on Sewage Works Accounting, is due 
the major share of the credit for this 
useful bulletin. Mr. Veatch eave more 
than generously of his time and effort 
to the project, and his accomplish- 
ment in carrying the manual to the 
distribution stage in two vears is indi- 
cative of the intense work that he has 
contributed. Serving with Mr. Veateh 
on the sub-committee are G. J. Beis- 
wanger, C. A. Davis, A. A. Estrada, 
E. A. Farmer and S. I. Zack. 

Feeling that the immediate demand 
for the accounting manual would not 
be heavy, the Board of Control has 


authorized distribution of mimeo- 
graphed copies (by sale only) in tenta- 
tive form. Printing of the manual 
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will be undertaken later if justified by 
the future demand. In the meantime 
it is hoped that experience with the 
tentative draft will vield constructive 
suggestions for revisions in the final 
issue. 

Those who squirm when they hear 
references to **sewerage disposal 
plants’’ and similar misuses of nomen- 
clature will welcome the appearance of 
the ‘*Glossary—Water and 
Control Engineering,’’ a joint produe 
tion of ASCE, AWWA, APHA, and 
the Federation. This authoritative 
technical dictionary will bring about 
uniformity of terminology among all 
elements with water and 
including hydrology, 
irrigation, drainage, and power devel 


Sewage 


coneerned 
sewage control, 
opment, as well as water and sewage 
works. More than 4200 definitions and 
eross references are listed in the 276 


pages of the book.* 


The Glossary has been in prepara- 


tion for Joint com- 
mittees headed by Thorndike Saville 
and W. W. Horner carried on the 
early work, and Mr. Saville continued 
administrative leadership of the proj- 
ect into the production 
outstanding contribution 
made by Clinton IL. 
than a 


about 13 vears. 


stage. An 
was also 
Bogert, who 


spent more year in editing 


* Members of the 
stituent associations may place orders for the 
with the FSWA headquarters office. 
The special price to members is $1.00 per 
copy in paper cover and $2.00 in cloth, 


Federation and its con 


Glossary 
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and collating the several lists of 
terms that had been gathered by the 
committees, with the aid of the Na- 
tional Resources Planning Board and 
others. The FSWA Committee on 
Works Nomenclature, com- 
prising Clarence J. Velz, chairman, C. 
E. Keefer, and C. A. Emerson, has 
represented the Federation in the joint 
undertaking, and Mr. Velz has ear- 
ried heavy responsibilities during the 
past two years in collaborating with 
others to complete the assignment. 
Altogether, an extraordinary amount 
of arduous and painstaking labor has 
been invested in the project, guaran- 
teeing the excellence of the final result. 

Every personal, company, and pub- 
lic engineering library should contain 
a copy of the Glossary. 


Sewage 


It is now the 
nomenclature authority for the writ- 
ings and speech of all sanitary and 
hvdraulie engineers—the basie stand- 
ard for the preparation of reports, 
specifications, and technieal papers. 
There has been a great and long-stand- 
ing need for this book. 

The ultimate value of both of the 
above publications will depend largely 
on the extent to which they are dis- 
tributed and Uniformity of 
practice is certainly worth attaining 
in cost accounting and in nomenela- 
ture, and it is hoped that full ad- 
vantage will be taken of the fundamen- 
tal ‘‘tools’’ that are now available for 
the purpose. W. H. W. 
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Proceedings of Member Associations 


NEW JERSEY SEWAGE WORKS ASSOCIATION 


Thirty-third Annual Meeting 
Trenton, New Jersey, March 10-12, 1948 


The Thirty-third Annual Meeting of 
the New Jersey Sewage Works Asso- 
ciation, held March 10-12, 1948, in 
Trenton, was attended by 362 mem- 
bers and guests. 

This annual meeting was dedicated 
as a testimonial to Harry P. Croft in 
recognition of his thirty-fifth anniver- 
sary of service with the New Jersey 
Department of Health and his thirtieth 
anniversary as chief engineer. Mr. 
Croft was honored for his professional 
accomplishments as well as his out- 
standing work in behalf of the Asso- 
ciation. In honor of the occasion, Mr. 
Croft was presented with a combina- 
tion television-radio console as well as 
a hand lettered scroll containing the 
names of many friends. 

The technical session on Wednesday, 
March 10, included a paper entitled, 
“The Effects of Stream Pollution on 
Industrial Expansion and Develop- 
ment in New Jersey’? by T. Ledyard 
Blakeman, chief, Bureau of Planning, 
State of New Jersey. Discussion fol- 
lowed. 

The program Thursday included the 
following papers: 


“The Establishment of the Beverly 
Sewerage Authority’? by G. Joseph 
Devine, chairman, Beverly Sewerage 
Authority, Beverly, N. J. 

‘Sewer Rentals’? by Chester W. 
Paulus, mayor, New Brunswick, N. J. 

“Controlling Infiltration’? by 
Russell Riker, borough — engineer, 
Prineeton, N. J. 


“Current Federation Affairs’? by 
W. Il. Wisely,  Secretary-Editor, 
FSWA, Champaign, Il. 


Also featured on the Thursday pro- 
vram was the Plant Operators’ Sym- 
posium, which included these discus- 
sions: 


‘Digitalis and Splints for Digest- 
ers’? by I. O. Laey, superintendent, 
Lockport, N.. ¥. 

**Operating Experiences at the Ten- 
afly Sewage Treatment Plant’? by J. 
K. Adams, superintendent, Tenafly, 
N. d. 

**Ninety Percent Removal Three- 
Stage Digestion’? by A. J. Lanning, 
sanitary engineer, Fort Dix, N. J. 

‘*Effects of Industrial Wastes on 
Sewage Plant Operation’? by Sol Seid, 
supervisor, New Brunswick, N. J. 

‘Operating Problems at Maywood”’ 
by Henry VanDerVliet, superintend- 
ent, Maywood, N. J. 

“The Economics of Sewage Treat- 
ment Plant Operation’’ by Leslie E. 
West, chief engineer, Elizabeth, N. J.; 
Paul Molitor, Jr., superintendent, 
Rutherford, N. J.; John Struss, super- 
intendent, North Wildwood, N. J.; El- 
son T. Killam, consulting engineer, 


New York, N. Y. 
The Friday session opened with the 

annual business meeting, at which time 

the following officers were elected for 

1948-49: 

President: Leslie E. 


J. 


West, Elizabeth, 
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First Vice President: John 
North Wildwood, N. J. 

Second Vice President: Sol Seid, New 
Brunswick, N. J. 

NSecretary-Treasurer: Michael S. 
chorsky, Manville, N. J. 

FSWA Director: Louis J. 
Rahway, N. J. 

Member Executive Committee: Harry 
P. Croft, Trenton, N. J. 


Struss, 


Ka- 


Fontenelli, 
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A forum entitled ‘‘The Manufae- 
turers Speak’’ sueceeded the business 
meeting. Subjects 
chlorinators, 


discussed were 
Transite house sewers, 
high rate filter, sewer cleaning equip- 
ment, sewage pumps, grit conditioning, 
aerated grit chambers and pneumatic 
ejectors. 
MIcHAEL S. Kacuorsky, 
Secretary-Treasurer 


NEW YORK STATE SEWAGE WORKS ASSOCIATION 


Twenty-first Annual Meeting 


New York City, January 20-22, 1949 


The New York State Sewage Works 
Association held its Twenty-first An- 
nual Meeting at the Hotel Statler, New 
York City on January 20-22, 1949. A 
registration of approximately 500 
members and guests established a new 
record for the Association. 

At the technical sessions, the follow- 
ing papers were given, all of which 
were of outstanding interest: 


‘“*The Effect of Sea Water on the 
Bio-Chemical Oxidation of Sewage’’ 
by Professor Harold B. Gotaas, Uni- 
versity of California, Berkeley, Calif. 

‘**A Novel High Rate Anaerobic 
Waste Treatment System’’ by Harry 
W. Gehm, Technical Advisor, National 
Council for Stream Improvement, New 
York, and Phillip F. Morgan, associate 
professor, University of Towa, 
City. Discussion by Eugene H. Trub 
nick, sanitary chemist, Anheuser- 
Busch, Inc., Old Bridge, N. J. 

“A Report on Plans and Progress 
for the Tenth Edition of Standard 
Methods’? by Harry A. Faber, chair- 
man, Joint Editorial Board. 

“Toward Uniform 
Code”? (with motion picture) by 
Francis Elder, engineering 
ate, The American Publie Health As 
sociation, New York. 


lowa 
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“The Federal Works Ageney and 
Water Pollution Control’? by Major- 
General Philip B. Fleming, Adminis- 
trator, Federal Works Ageney, Wash- 
ington, D. C. 

“The 26th Ward Sewage Treatment 
Works, Brooklyn, N. Y.’’ by S. W. 
Steffensen, project manager and dep- 
uty chief, Bureau of Sewage Disposal 
Design, Department of Public Works. 
New York City. 


Feature of the noon luncheon pro- 
gram on January 21 was an address 
by the Honorable Harold C. Ostertag, 
chairman, Joint Legislative Committee 
on Interstate Cooperation of the State 
of New York. Mr. Ostertag gave an 
excellent talk on ‘‘Pollution Control 
Legislation in New York State.’’ Also 
present at the noon luncheon was Sec- 
retary-Editor W. Il. Wisely FSWA, 
who gave a brief address on ‘‘ Federa- 
tion Affairs.”’ 

Dr. George E. Chairman 
of the Memorial Committee, 
presented the following awards in be- 
half of the Association: Kenneth Allen 
Memorial Award to Mr. R. S. Rankin 
in recognition of his 
Lewis 
Award to 
recognition 


Symons, 
Awards 


paper on 
gester Capacity Requirements”’; 
Van Carpenter Memorial 
Mr. Wilbur N. Torpey in 
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of his paper ‘‘ Practical Results of Step 
Aeration.”’ 

At the business meeting, favorable 
action was taken to amend the 
NYSSWA by-laws whereby dues for 
Class A and Class B members after 
January 1, 1950 will be $8.00 and 
$6.00, respectively. This action was 
in accordance with the FSWA dues 
increase to $5.00 after January 1, 1950, 
when Sewace Works JourNnau begins 
monthly publication. 


The Fourteenth Annual South Da- 
kota Water and Sewage Works Con- 
ference was held at Sioux Falls, Sep- 
tember 29, 30 and October 1, 1948. 
This meeting broke all attendance rec- 
ords, both as to the total registrations 
and as to the number of municipal 
water and sewage works personnel at- 
tending. One hundred eleven mem- 
bers and guests were registered for the 
technical sessions. 

The meeting opened with a Pre-Con- 
ference Smoker and Buffet Supper on 
the evening of September 29. The 
technical sessions were held in the 
auditorium of the Sioux Falls City 
Hall. At the first technical session 
Mr. George S. Russell, President, 
FSWA, presented a talk deseribing 
the new trends in sewage treatment. 
Mr. Ralph J. Johnson, sanitary engi- 
neer of the Missouri River Basin Oftice 
of the U. S. Publie Health Service, 
Kansas City, Mo., discussed the Fed- 
eral Water Pollution Control 
Johnson stressed the fact that pollu- 
tion control is still largely a responsi- 
bility of the individual states. Mr. 
W. EF. Cochrane, sanitary engineer, 
U.S. Engineers Distriet Office, Omaha, 
Neb., spoke on the design and con- 


SOUTH DAKOTA WATER AND SEWAGE WORKS 
CONFERENCE 


Fourteenth Annual Meeting 
Sioux Falls, South Dakota, September 29, 30 and October 1, 1948 
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Officers elected for the year 1949-50 

were: 

President: Paul E. Bardet, Flushing, 

Vice President: John W. Johnson, 
Buffalo, New York. 

Secretary: Ralph E. Sweeney, Roch- 
ester, New York. 

Treasurer: J. C. Brigham, Albany, 
New York. 

A. F. Daprert, 

Retiring Secretary 


struction of the water supply intake 
at Pickstown, 8S. D. This town is the 
site of the Ft. Randall Dam and due to 
the unusual geographical formations 
a rather unusual method was employed 
to develop a ground water source of 
supply. 

The afternoon technical session was 
devoted to sectional meetings on water 
supply and sewage treatment. The 
Sewage Works Section was presided 
over by Leland Bradney, superintend- 
ent of the Sioux Falls sewage treat- 
ment plant. The session consisted 
principally of round table discussions 
covering the subjects of (1) small sew- 
age treatment plant operation, (2) 
trickling filter care and operation, (3) 
the effects of ground garbage on sew- 
age treatment plant loadings, and (4) 
general maintenance of sewage plants. 

The annual banquet was held on the 
evening of September 30, with 147 
members and guests attending. The 
banquet was the largest and most suc- 
cessful enjoved to date by the associa- 
tion. 

Technical sessions on the seeond day 
opened by a paper discussing operating 
changes in the trickling filter of the 
Sioux Falls sewage treatment plant, 
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presented by R. E. Bragstad, city 
engineer, and Leland Bradney, super- 
intendent of sewage treatment, Sioux 
Falls, S. D. Mr. Walter Nelson, chief 
mechanic of John Morrell and 
pany, Sioux Falls, presented 
worth-while information concerning 
the care and maintenance of electrical 
equipment. Methods of making and 
repairing paving cuts necessary for 
water and sewer lines were described 
by R. W. Dalthorp, assistant city engi- 
neer, Sioux Falls. The technical ses- 
sions were concluded by a talk on ‘* Ex- 
plosion and Safety Hazards at Sewage 
Treatment Plants,’> by C. R. Price, 
superintendent of sewage treatment, 
Rapid City, S. D. 


Com- 
very 
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The annual business meeting was 
held in connection with the Conference 
Luncheon on the last day of the meet- 
ing. Officers elected the year 
1948-49 were: 


for 


President: R. E. Braestad, Sioux Falls. 
Vice President: C. B. Madison, Win- 
ner. 


Secretary: W. W. Towne, Pierre. 


busi- 
association members en- 
joyed an inspection trip to the Sioux 
Falls and 
plants. 


Following adjournment of the 
ness meeting, 
water 


sewave treatment 


W. W. Towne, 


Necretary-Treasurer 


TEXAS SEWAGE WORKS SECTION 


1949 Annual Meeting 
College Station, Texas, February 10, 1949 


The 1949 Annual Meeting of the 
Texas Sewage Works Section was held 
during the Thirty-first Texas Water 
and Works Short School at 
Texas A. & M. College, College Station, 
Texas. The Short School, in’ session 
February 6-10, 1949, all 
previous meetings with a registration 
of 433 and a 


enests, 


Sewage 


surpassed 


members number of 

The Short School program was espe- 
cially well planned and diversified this 
year as in vears past. Distinguished 
out-of-state speakers participating in 
DeMartini of 
Pollution Con- 


the program were F. E. 
the Division of Water 
trol, U. S. Publie Health 
Washington, D. C.; Linn H. Enslow, 
President, American Water Works As- 
sociation, New York, N. Y.; A. E. 
Griffin, Wallace & Tiernan Co., New- 
ark, N. J.; W. A. Hardenbergh, Edi 
tor, Publie Works Magazine, New 
York, N. Y.; W. H. Wisely, Seeretary- 
Editor, FSWA, Champaign, 


Service, 


Highlight of the annual banquet ses- 
sion was the presentation of municipal 
awards by Dr. George W. Cox, State 
Health Officer of re- 
eeiving awards: for 


Those 


Wells 


Texas. 
Mineral 


having the highest percentage of popu- 


lation connected to the sanitary sew- 
Llano 
and Jourdanton for having the great- 
ratio of 


erage Boerne, Crane, 


system ; 


est sewer connections 
the 
bure for makine best use of its sewage 
effluent in 


for 


com- 


pleted during vear; Fredericks 


plant irrigation ; 
Christi 
its sewage effluent; Austin for making 


Corpus 
making industrial use of 
best disposal of its sewage sludge by 
fertilizer; Dallas for 
maintaining the best plant 
laboratory for control; Childress for 
the 
age treatment plant; Red River Ar- 


selling it as 
sewage 
maintaining most attractive sew- 
senal for having the sewage treatment 

the best 
for completing 


producing 


Alice 


plant 
effluent ; 


sewave 
the 
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greatest improvements to its sewage 
treatment plant during 1948. 

Other awards were those presented 
by Mr. Earle W. Sudderth, Dallas, 
Chairman of the Committee on Awards, 
to the following: Honorary Lite Mem- 
berships to G. L. Fugate, Houston, 
and Walter F. Hicks, Paris, in recog- 
nition of their exceptional service to 
the organization for many years; a 
$100 Government Bond to Mr. Clay- 
ton N. Billings, Austin, for his faith- 
ful and valuable service. 

The annual business meeting of the 
Texas Sewage Section was held on 
February 10, Mr. J. P. Burden, San 
Angelo, presiding. A motion was 
passed by the membership inviting the 
FSWA to hold its annual meeting 
in Galveston at the first possible op- 
portunity after 1951.) The Arthur 8S. 


PROCEEDINGS OF MEMBER ASSOCIATIONS 


589 


Bedell Award, conferred upon V. M. 
Ehlers in recognition of his many 
years of valuable service and assistance 
to the sewage plant operators in 
Texas, will be formally presented at 
the 1949 FSWA annual meeting. <A 
committee was appointed to make the 
necessary provisions in the constitu- 
tion for the increase in Federation 
membership dues, effective January 1, 
1950, when Sewace Works JOURNAL 
becomes a monthly publication. 

Officers elected to serve for the year 
1949-50 were: 


Chairman: 
Christi. 
Vice Chairman: SS. 

Christi. 
Secretary: V. M. Ehlers, Austin. 
Mrs. Earn H. Goopwin, 
Assistant Secretary-Treasurer 


Irving M. Dietz, Corpus 


L. Allison, Corpus 
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MEMBER ASSOCIATION MEETINGS 


Association Place Time 


University of Florida, June 5-11, 1949 


Gainesville, Fla. 


Florida Sewage Works Association 


New York State Sewage Works June 6-7, 1949 


Association (Spring Meeting) 


Governor Clinton Hotel, 
Kingston, New York 


Alabama Water and Sewage Works University of Alabama, June 9-11, 1949 


Association 

Central States Sewage Works 
Association 

Institute of Sewage Purification 
(Summer Conference) 

Ohio Sewage and Industrial Wastes 
Treatment Conference 


Louisiana Conference on Water 
Supply and Sewerage 


Pennsylvania Sewage Works 
Association 


Iowa Sewage Works Association 


Georgia Water and Sewage 
Association 


West Virginia Industrial Wastes and 
Sewage Works Association 

Canadian Institute on Sewage and 
Sanitation 


Federation of Sewage Works 
Associations 

New England Sewage Works 
Association 


Tuscaloosa, Ala. 


Hotel Sherman, 
Chicago, Ill. 


Harrogate, England 


Carter Hotel, 
Cleveland, Ohio 
Louisiana State 
University, 
Baton Rouge, La. 


Nittany Lion Inn, 
State College, Pa. 


Hotel Kirkwood, 
Des Moines, Ia. 


Cieorgia Institute of 


Technology, 
Atlanta, Ga. 


Ogleby Park, 
Wheeling, W. Va. 


McIntyre Arena, 


Schumacher, Ontario, 


Canada. 
Hotel Statler, 
Boston, Mass. 


Hotel Statler, 
3oston, Mass. 


June 
June 
June 


June 


Aug. 
Sept. 


Sept. 


Sept. 


Sept. 


Oct. 


17-18, 1949 


20-24, 1949 


22-24, 1949 


29, 30 
July 1, 1949 


24-26, 1949 


20-22, 1949 


21-23, 1949 


21-23, 1949 


26-28, 1949 


17-20, 1949 


17-20, 1949 
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Reviews and Abstracts* 


The Use of Iron Pickle in Sewage Sludge 
Treatment. By Ronatp Hicks. A 
paper presented at the Publie Health 
and Municipal Engineering Congress 
(Br.), Nov. 19, 1948. 17 pages. 


Although vacuum dewatering of sewage 
sludge is practiced widely in America, 
British progress in this field has been slow. 
KXconomie factors have hampered develop- 
ment of mechanical sludge drying in 
Iingland, and, apart from the difficulties 
in air-drying sludge, the retreatment of 
drainage liquor has been causing growing 
concern because of increasing labor prob- 
lems. 

Raw sludge, conditioned with lime, has 
been dewatered hydraulically since 1880; 
several large plants still use this method 
and claim favorable economies. Mixed 
sludges, containing either activated sludge 
or humus tank residues, however, cannot 
be pressed satisfactorily even after lime 
treatment. Some success has _ been 
achieved through conditioning by heat 
treatment, and cakes containing 60 per 
cent have been obtained after 
pressing various sludge mixtures for 4 
hours at 100 psi. 

Recent investigations have shown that 
activated sludge can be dewatered from 
1.3 to 25 per cent solids in 1 to 3 hours’ 
press time after conditioning with 9 per 
cent ferric chloride, on a dry solids basis. 
In another case, elutriated digested sludge 
conditioned with 4 per cent ferric chloride, 
on a dry solids basis, was reduced from 
5 to 40 per cent dry solids in 3 hours. 

If a cheap and continuous supply of 
chemicals could be assured, more attention 
would be given to mechanical dewatering. 
The order of efficiency of conditioning 
agents has been found to be: ferric 
chloride, chlorinated copperas, ferric sul- 
fate, aluminum sulfate, chrome alum. 
No large seale production of ferric chloride 


solids 


exists in England today. Present carload 
prices per long ton in England are: ferric 
chloride, anhyd., $160; copperas, $8 to 
$36; chlorine, $100; aluminum sulfate, 
$20 to $68; calcium chloride, 100%, $36; 
sodium silicate, 9.4°% Na,O, $34. Com- 
parable quoted prices per short ton in the 
U.S. are: $115, $17, $50 (tanks), $30, $22, 
and no equivalent figure, respectively. 

The steel industry in England uses about 
90,000 tons of sulfuric acid and 10,000 tons 
of hydrochloric acid annually for pickling. 
The author presents a computation show- 
ing that it would be theoretically possible 
to treat all the sewage sludge from England 
and Scotland with iron salts from waste 
pickle liquor. He points out, however, 
that the liquor is difficult to handle and 
that the ferrous iron must be oxidized to 
the ferric state. 

The author has studied the oxidation of 
hydrochlorie acid pickle liquor with air 
and has concluded that the rate of oxida- 
tion is too low to be attractive commer- 
cially. He notes, however, that catalysts 
can be used to increase the oxidation rate, 
and this possibility is being investigated. 

He studied the manufacture of chlorin- 
ated copperas, and found that the rate of 
absorption of chlorine varies considerably 
with temperature and salt concentration. 
Industrially, absorption towers packed 
with Raschig rings are used, and recircula- 
tion of the liquor is essential to get rea- 
sonable absorption efficiencies. He states 
that chlorine efficiencies of 95 per cent 
may be obtained with properly designed 
systems, but that 90 per cent would be a 
safer figure. On a basis of $100 per ton 
for chlorine and $16 per ton for ferrous 
sulfate (20 per cent ferrous iron), he cal- 
culates that chlorinated copperas could be 
made for about $45 per ton and states 
that this figure is too high, especially when 
it is realized that the compound is not 
nearly as effective as ferric chloride. 


* Please send to Federation headquarters all periodicals, bulletins, special reports, ete., which 


might be suitable for abstracting in THis JoURNAL. 


Publications of public health departments, 


stream pollution control agencies, research organizations, and educational institutions are par- 


ticularly desired. 
Champaign, IL. 
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Address such material: Federation of Sewage Works Assns., 325 Illinois Bldg., 
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Electrolytic oxidation of ferrous iron 
appears to offer the cheapest means tor 
producing ferric chloride from spent pickle 
liquor if the liquor contains sufficient free 
acid to permit the oxidation to go to com- 
pletion. His caleulations show that 1954 
kw.-hr. would be required at 100 per cent 
efficiency to oxidize a ton of ferrous iron 
at a potential of 4 volts. Assuming 90 
per cent efficiency (experiments have 
shown this to be reasonable), and power 
at 1.7 cents per kw.-hr., it would cost 
about $36 to oxidize 1 ton of iron as 
ferrous chloride to ferric chloride, whereas 
direct oxidation with chlorine would make 
the cost about $70. 

He suggests that electrolytic tanks be 
operated in conjunction with pickling, or 
that electrolytic pickling be adopted where 
the stock to be pickled is fairly uniform. 
In the latter case the pickling tanks would 
be built in the form of half-cells. One 
half-cell would contain the acid and as- 
sociated ferrous salt, and the steel being 
pickled would be the negative electrode. 
The other half-cell, separated from the 
first by a porous diaphragm, would con- 
tain the spent pickle, and carbon plates 
suspended therein would form the positive 
electrode. One of the most important 
factors in such an operation would be the 
diaphragm. This would have to be strong 
enough to withstand the pressure when 
one-half of the tank is emptied, yet porous 
enough to permit adequate diffusion. 
Sheet asbestos lightly impregnated with 
rubber was found to be the best diaphragm 
material from the viewpoint of low voltage 
loss, and some diaphragms have been in 
continuous use for 3 years without dis- 
integration. A new membrane 
is being developed which should be avail- 
able soon for commerical use. 

This paper was written to outline vari- 
ous lines of attack on the problem, rather 
than to present the detailed results of 
2000-odd experiments, in the hope of 
stimulating interest in large 
vestigations. 


ceramic 


seule in- 


RicHarp Hoak 


Proceedings of Second Annual Meeting, 
West Virginia Sewage and Industrial 
Wastes Association, Clarksburg, West 
Virginia, September 30 to October 1, 
1948. 54 pp. $1.00. (Available from 
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Association, State Capitol, Room 643, 

Charleston, West Virginia.) 

The following papers were presented to 
the membership which includes govern- 
mental, industrial, 
consulting personnel: 


manufacturing and 


The Treatment of Coal Washery Wastes 
to Avoid Stream Pollution. By Hrnry 
F. HEBLEY. 

With increasing mechanization of coal 
mining, coal washery wastes contain 
greater quantities of colloidal matter, 
clay, fine coal and silt. The author out- 


lines industrial practices for reducing pol- 


lution to streams by these wastes from 
snthracite and from bituminous washeries. 
In anthracite industries, $-hr. retention 
settling basins may be used alone or in 
conjunction with mechanical thickeners. 
Underflow may be slushed into abandoned 
mine workings or filtered. Floeculents 
may be necessary in the thickeners, lime— 
1.7 tons per ton of solids, and stareh—0O.2 
lb. per ton of solids. Parton has shown 
that it is possible to segregate from the 
settled fines a marketable product by 
flotation separation of material larger than 
200 mesh. 

Bituminous wastes contain also iron 
sulfide (pyrite), an additional problem. 
Coul is cleaned by difference in specific 
gravity of and Washery 
water, for recycling, must be cleared of a 
certain proportion of fines to keep the 
proper water density. From Parmley, 
the most suitable means of maintaining a 
solids balance is to bleed off a continuous 
volume of water containing excessive 
solids. Part of this is clarified in thick- 
eners, sometimes using lime and causti- 
cised starch 


coal refuse. 


The Ohio River Compact and Others 
Operating in the United States. By 
KENNETH S. Watson. 

Four tables summarize the historical de- 
velopment of the Ohio River Compact; 
the data for computing contributions of 
the eight states to maintenance of the 
Commission; the existing Interstate Pol- 
lution Control Compacts with their duties 
and authority; and the existing Interstate 
Pollution Control Agreements which have 
less authority. 


= = 
4 

ns : 
: 
» 
4 

= 

a 

F 
. 

a 

+ 
+ 


Vol. 21, No. 3 

Compacts are ratified by the U.S. Con- 
gress, and their commissioners may be 
authorized to set water standards, mini- 
mum waste requirements, and issue orders 
against pollution offenders. 

The Ohio River Compact specifies re- 
moval of at least 45 per cent of sus- 
pended solids from domestic sewage. 
Of all compacts, that for the Ohio River 
covers the greatest number of states (S), 
the greatest drainage area (154,880) sq. 
miles), and the largest population (15.8 
million). 


Financing of Sewers and Sewage Treat- 
ment. By Roy H. Rirrer. 

Financing of sewerage systems is best 
accomplished by general obligation bonds 
where possible. For Martinsburg, W. 
Va., this could not be done because of 
legal restrictions. However, an ordinance 
made it possible to combine existing water 
and sewer systems as well as future sys- 
tems. Expansion of the sewerage system 
is being financed by a 30-year bond issue. 
Payment of principal, interest, and operat- 
ing expenses of both water and sewer sys- 
tems will be made from revenues from 
metered and flat use of water (70 per cent), 
sewer construction charges levied against 
houses connected—not vacant property 
(1S per cent), sewer service charges (7 per 
cent), and miscellaneous (5 per cent). 
The sewer service charge is 10 per cent of 
the water bill. The sewer construction 
charge is $6 per quarter per house, to 
cease when all bonds are retired. 


Industrial Waste Definition and Records. 
By K. N. Bunpy anp P. E. Jorpan. 
To be published at a later date in THs 

JOURNAL. 


Plans for Clarksburg Sewage Treatment 

Plant. By Herman F. LUNDBERG. 

A treatment plant for an equivalent 
population of 66,000 has been designed 
for the Sanitary Board of Clarksburg. 
Plans also include improvement and ex- 
tension of the sanitary sewers. Primary 
and secondary treatment were outlined 
and briefly explained. Total sludge di- 
gestion space is about 4} cu. ft. per capita. 
The estimated cost is $2.9 million, which 
would require a charge of about $2.00 per 
month per unit served. 
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Symposium—The Oxygen Balance—As- 
sets and Liabilities 
1. Introduction. By Dr. D. V. Moses. 

A general outline of the oxygen assets 

(D.O.) and liabilities (B.O.D.) of a 

stream. 

2. Sampling and Preservation. 

A. MacQueen, Jr. 

Referring to the work of a number of 
investigators, the author points out the 
necessity for (1) accuracy in sampling 
to obtain representative data; (2) the 
selection of sampling points in relation 
to stream characteristics and waste out- 
falls; (3) the choice of adequate dis- 
placement samplers (2 bottles recom- 
mended); (4) collection of a sufficient 
number of samples to show variations 
in stream and in wastes. 

Concerning preservation of samples, 
neither refrigeration nor acidification is 
satisfactory for all types of oxygen de- 
terminations, though acidification fixes 
the oxygen system in samples of some 
trade wastes and sewages. 

3. Chemical Oxygen Demand and Oxy- 
gen Consumed. By Dr. K. M. 
Madison. 

Standard B.O.D. methods do not give 
accurate or reproducible results when 
applied to all trade wastes because of 
presence in many cases of substances 
toxic or inhibitory to sewage micro- 
organisms. This paper contains dis- 
cussion of available chemical means of 
measuring pollution which diverge 
widely from B.O.D. measurements. 

After outlining chemical methods 
using potassium permanganate, potas- 
sium dichromate, chromic acid, ceric 
sulfate and iodic acid, the author points 
out that dichromate methods seem to 
offer the best solution to the problem of 
strength of trade wastes. 


By A. 


Twelve tables show comparisons of 
various dichromate oxidation methods 
with each other and with B.O.D. meth- 


ods. Any of the three dichromate 
methods (Ingolls and Murray, Moore 
et al., and Madison) could be used in 
estimating the strength of wastes. 
Bernarp D. 


Recent Developments in the Treatment of 
Industrial Effuents. By B. A. Sourn- 
GATE. A paper presented at the Public 
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Health and Municipal Engineering Con- 


vress (Br.), Nov. 15, 1948. 16 pages. 


This paper briefly discusses some of the 
more important advances, both American 
and British, made in methods of waste 
treatment during recent years. 

In biological treatment the British have 
done little work on recirculating filters, 
but feel that because their streams sare 
smaller and a greater degree of treatment 
is required, alternating double filtration 

Recirculating filters 
partial treatment of 
paper mill wastes, where discharge can be 
made to municipal treatment plants, and 
this use is being investigated by the 
British and Board Industry Re- 
search Assn. 

Treatment of milk wastes by double 
alternating filtration has almost become 
standard practice in) England, although 
some dairies prefer chemical coagulation, 
sedimentation, and single filtration. Ci- 
der manufacturing wastes have been 
treated by biological filtration, but the 
deficiency in nitrogen makes the addition 
of an ammonium salt necessary. 

The oxidizing ability of the percolating 
filter is being used to treat the manufacture 
of rayon by the viscose process, and to 
formaldehyde from 
resulting from the 
facture of synthetic resins. 


is to be preferred. 


are suggested for 


Paper 


remove phenol and 
Waste waters manu- 

Gaus for domestic use is made in almost 
every town of any size in Britain and the 
wuste liquor is usually treated in admix- 
ture with domestic sewage. A committee 
studying the gas plant problem has recom- 
mended that (1) ammonia in the wastes 
be recovered, (2) modifications be made 
in the process to reduce the content of the 
higher tar acids and thiocyanate, and (3) 
discharge to sewers be at a uniform rate. 

Ammonia and higher tar 
found to be relatively resistant to biologi- 
cal oxidation The satisfactory 
method found to keep the ammonia con- 
tent low is to remove both free and fixed 
umimonia by use of lime and steam distilla- 
tion, Tar 


acids were 


only 
can be 


acids reduced by 


treating the gas in an electric tar precipi- 


tator before putting it through the con- 
densers and scrubbers. 

Wastes resulting from the pickling of 
copper slow down or stop biological action 
in trickling filters and digesters, and kill 
fish in the 


streams. Experiments by 
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Ministry of Agriculture and Fisheries have 
shown that copper sulphate may be toxic 
to trout in concentrations of 1.3) p.p.m. 
CuSO, (0.5 p.p.m. Cu). 

The preferred treatment for copper 
pickling liquors in Britain is by electroly- 
sis, either in the pickling vat or at a central 
plant. Up to 97 per cent of the copper 
has been recovered from the dilute rinse 
by treating the bquor with scrap iron. 
Usually the treated effluent must be 
neutralized with lime before discharge. 

In the electroplating industry a treat- 
ment plant has been installed in England 
for wastes containing copper (up to 300 
p.p-m.), zinc (up to 110 p.p.m.), tin (up 
to 300 p.p.m.), and iron (up to 200 p.p.m.). 
Treatment is by a batch process. Milk of 
lime is added and mixed by agitation with 
compressed air, the mixture is settled for 
6 hours, and the supernatant is drained 
off in 6 hours. 
beds. 


Sludge is drawn to drying 
The effluent when diluted with an 
equal volume of water is mon-toxic to fish. 

Wastes containing chromates inhibit 
nitrification in treatment processes, cause 
excessive accumulation of film on rock, 
and reduce the efficiency of biological 
treatment when in concentrations as low 
as lL p.p.m. Treatment with barium salts 
or ferrous sulphate and lime is advocated. 

Experimental work shown that 
cyanides can be oxidized on filters when in 
concentrations lower than 30 p.p.m., but 
any fluctuations in the load caused deteri- 
oration in the quality of the effluent. 
Pretreatment with lime and ferrous sul- 
phate has been used but where complete 
treatment is needed the use of lime and 
chlorine is recommended. 

The paper also mentions the re-use of 
industrial liquids. In the paper industry 
save-alls remove fibers from water to be 
re-used. In the beet industry 
settling and screens are being used to con- 
dition, transport, and water for 
re-use. At the end of the season the re- 
maining water is successfully treated by 
applying it slowly to percolating filters. 
Aerobic retting of flax makes it possible to 
re-use the retting wastes. 


A. 
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Microbiological Problems in the Manu- 
facture of Sugar From Beet. Part 1. 
Corrosion in the Diffusion Battery and 
in the Recirculation System. By L. A. 
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Auten, A. Carrns, G. E. Even, A. B. 
WHEATLAND, F. WoORMWELL, AND T. J. 
Nurse. Journal of the Society of Chem- 
ical Industry (England), 67, pp. 70-77 
(1948). 

Extraction of sugar from sliced beets by 
hot water in batteries of diffusion cells 
results in a residual liquid made up of two 
increments, water separated from the 
spent cossettes after discharge from the 
cells and water pressed from the spent 
beet (or pulp) in the process of preparing 
this material as cattle food. This liquid 
contains appreciable quantities of soluble 
constituents of the beet including 1.5 per 
cent sucrose and considerable amounts of 
suspended matter. If wasted, this liquid 
of high polluting characteristics may pre- 
sent serious problems of stream pollution. 
Recirculation of the combined battery 
water and pulp press water to the battery 
water supply tank, thus reusing this waste 
liquor continuously in the process of 
diffusion, is being used by many factories 
to avoid pollution. Difficulties in con- 
nection with this procedure comprise (1) 
corrosion of recirculating equipment and 
of diffusion cells, brought on by acidity 
developed from bacterial growth in the 
circulating liquid at normal process tem- 
peratures of 45° C. to 55° C.; and (2) 
fermentation resulting in the formation of 
organic acids and of gas. 

This paper describes an investigation 
of the factors responsible for corrosion in a 
battery employing recirculation and in- 
volving the isolation of microorganisms 
producing acidity, the measurement of 
corrosion occurring in different parts of the 
battery, and the effectiveness of chlorina- 
tion and other remedial measures in check- 
ing acidity and in reducing corrosion. 

Reference is made to the remedial 
measures that have been recommended in 
the literature by workers. These have 
involved adjustments of the temperature 
of recirculated waters; adjust- 
ments of pH; chlorination of beet wash 
water to destroy soil bacteria; and, me- 
chanical filtration, acidification and sedi- 
mentation with the reuse of clarified 
waters. Previous writers have advanced 
the theories that corrosion may not be 
due entirely to the degree of acidity, and 
have mentioned the action of sand on 
metal parts and the action of diffused oxy- 
gen on metal surfaces as important factors, 


process 
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Consideration has been given to the kind 
as well as to the quantity of acid. 

In this study examinations and analyses 
of bacterial flora of recirculating liquid 
resulted in the isolation of lactobacilli of 
the L. delbrucki type, micro-aerophilic 
organisms, aciduric as well as acid form- 
ing in characteristics. Innoculations of 
sterilized samples of recirculated liquid 
with pure cultures of lactobacilli when in- 
cubated at 45°C. resulted in the rapid 
formation of acid in 3 to 4 days, lowering 
of pH from 6.9 to 3.5. Although develop- 
ments were slower at 55° C., some strains 
resulted in a reduction of pH to about 4.5 
in 3 to 4 days. Growth of the organisms 
was definitely retarded at 70° C. 

Subsequently a study of the bactericidal 
action of different doses of chlorine on 
lactobacilli was made, comparing counts 
in innoculations of chlorinated and = un- 
chlorinated sterilized recirculating liquid. 
A dose of 40 p.p.m. of chlorine destroyed 
99.7 to 99.96 per cent of the bacteria after 
a contact period of 25 to 30 minutes. A 
much smaller dose indicated effective pre- 
vention of the growth of the organisms. 

Alternately with the bacteriological 
investigation, neutralization of acid in 
the recirculating liquid with lime for the 
reduction of corrosion was suggested. 
Using small plates of mild steel at different 
locations in the battery water recirculation 
system, tests were made under known con- 
ditions of pH, titratable acid, and temper- 
ature. These were compared with similar 
tests when the battery recirculated supply 
water was neutralized with lime. Treat- 
ment with lime reduced corrosion in the 
battery supply tank to 4 per cent of that 
occurring in untreated liquor. In lime 
treated liquid, corrosion in a few isolated 
areas produced penetrations even deeper 
than occurred in untreated liquid. This 
suggested a potential danger unless well 
controlled neutralization is practiced. 
Over-dosing with lime may afford protee- 
tion to large areas but may cause intensi- 
fied attack on isolated small areas.  Al- 
though it appears that the addition of lime 
may be strikingly successful, the conelu- 
sion is that, if practiced, it should be care- 
fully controlled to prevent the value of 
pH from rising above 7.0. 

Continuous chlorination on a labora- 
tory scale and on a factory scale was con- 
ducted. In the laboratory, an application 


; 
; 
3 


596 SEWAGE 
of 50 p.p.m., resulting in residuals in the 
recirculated liquid varying from 0.5 to 
1.0 p.p.m., virtually inhibited the forma- 
tion of acid. In the factory scale experi- 
ment using a commercial chlorinator, the 
application of chlorine varied from 18.7 
to 48.6 p.p.m. with the following results: 


1. pH values were maintained at a high 
level (above 5.5) with minor fluctuation 
during periods of chlorinations. 


2. Comparatively few plate counts on 


yeast extract-dextrose agar of battery 
supply water and returned water with 
chlorination in operation suggest that 


lactobacilli were markedly decreased with 
doses of 31.6 to 48.6 p.p.m. 

3. Corrosion on test plates inserted in 
the sand tank represented «a uniform 
attack and was reduced 15 per cent of 
that occurring in the untreated liquid by 
a chlorine application of 18.7 p.p.m. In- 
creasing chlorine dosage to as much as 
$8.6 p.p.m. had very little additional 
effect. 

4. Corrosion of test plates inserted in 
the battery pit was less when exposed to 
untreated liquor than that of test plates in 
the sand tank. Likewise, reduction of 
corrosion by chlorination was less, amount- 
ing to one-third to two-thirds of that pro- 
duced in the untreated liquor. Maximum 
reduction occurred with a chlorine appli- 
cation of 48.6 p.p.m, 

5. Chlorination did not materially affect 
the corrosion taking place in the diffusion 
cell, 

6. The high rate of corrosion in the sand 
tank acceleration of the acid 
attack by the flow of liquid. Further, the 
abrasive action of sand and pulp probably 
tend to interfere with film formation which 
otherwise would serve as a protective coat- 
ing. 

7. Although chlorination had a marked 
effect in reducing the corrosion in the re- 
turn water circuit and may be effective in 
an application less than 18.6 p.p.m., it 
should be understood that it can not do 
more than raise the value of pH to that 
of fresh beet juice which normally is in 
the range of 5.5 to 6.5. The latter is com- 
paratively high but on the acid side, per- 


suggests 


mitting corrosion to proceed at an appreci- 
able rate. 

8. Chloride 
second 


contents of samples of 
result 


battery 


carbonization juice, as a 
of chlorination of 


recirculated 
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water and pulp press water, fluctuated 
considerably, but the average values in- 
dicated little significance. 

9. Chlorination did not appear to make 
a consistent or significant difference in the 
levels of sugar content of pressed pulp and 
of pulp press water, or in the levels of 
purity of juice and of the elimination of 
non-sugar substances. No effect of bat- 
tery loss could be assessed. 

10. Chlorination did appear to increase 
the moisture content of pressed pulp, 
probably because the pulp is less easily 
compressed as pH values increase. 


Bruck M. 


Nationalization of the Sanitary Services 
of Rosario, Santa Fe, Argentina. fe- 
vista de “Obras Sanitarias de La 
Nacion,” 12, 126 (June 1948). 

The Argentine national government 
purchased the properties, works, installa- 
tions, and various facilities pertaining to 
the water-supply and sewerage services of 
the municipality of Rosario. Action was 
tuken because these facilities were still 
operated privately; extensions of sanitary 
services by private capital were not being 
made because investment returns were not 
adequate; and densely populated sectors 
of the municipality, principally populated 
by the less privileged, were without es- 
sential sanitary services. 

Purchase of facilities was made from 
Consolidated Water Works Company of 
Rosario, Ltd., and Rosario Drainage 
Company, Ltd. for a price of 2,182,539 
pounds sterling. 


Le Verne D. Hupson 
Industrial Wastes. By (:. Rousse. 
L’ Eau (France), 35, 165-168, 189-191 


(Oct., Nov. 1948). 


The conception of separate treatment of 
industrial wastes has not progressed far in 
France. Each separate 
study, but acceptable solutions of the 
problems are possible. Collaboration of 
industry with competent administrative 
agencies is needed to alleviate conditions 
detrimental to public health. There are 
a considerable number of sanitary tech- 
nicians available, but laws to enforce in- 
dustrial waste treatment are insufficient. 
A description of modern treatment meth- 


case requires 
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ods for specific conditions, administrative 
procedures, and possible methods of 
changes for treatment are given. 

W. Repowrs 


Pickle Liquor Neutralization. By Ricu- 
arp Hoax, Currrorp J. Lewis, 
CHARLES J. SINDLINGER, AND BrErR- 
nick Kuein. Industrial and Engineer- 
ing Chemistry, Vol. 40, pp. 2062-2067 
(Nov. 1948). 

This is the fourth in a series of papers 
dealing with waste pickle liquor treatment. 
Whereas previous papers dealt with re- 
action rates and = sludge characteristics, 
this paper is concerned with economic 
factors and the applicability of various 
alkaline neutralizing agents. 

Factors which affect the 
alkaline agents are: (1) those fixed by 
the agent such as basicity, delivered 
price and reactivity, (2) those fixed by 
conditions at the mill such as operating 
schedules, treatment area available, char- 
acter of receiving stream or sewer system. 

Data on the cost and reactivity of vari- 
ous alkaline agents are presented. In- 
formation on sludge settleability is also 
given. Alkaline agents considered include 
sodium hydroxide, sodium carbonate, am- 
monia, magnesium oxide, caleium hydrate, 
quicklime and limestone. 

Conventional neutralization of waste 
pickle liquor involves mixing the proper 
amount of alkaline agent with the liquor 
until the reaction is complete. Split 
treatment involves neutralization of free 
acid and precipitation of ferric iron with 
limestone followed by the application of a 
costly but more reactive agent to complete 
the treatment. A dolomitic limestone is 
unsuitable for this application. 

Caustic soda (sodium hydroxide) is the 
most reactive of all the common alkaline 
agents but its price is high and generally 
this compound should be used as a supple- 
ment to a much cheaper material. Soda 
ash appears to have no place in the pickle 
liquor field because of its high cost and 
because of its low reactivity in comparison 
with caustic soda. Ammonia is costly 
and will not precipitate iron completely. 
Its use is uneconomical except under spe- 
cial conditions in large mills. High cal- 
cium lime has low cost and high reactivity 
to recommend it. However, the supply 
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of high calcium lime is limited at present 
and is likely to continue so for several 
years. Low reactivity is the principal 
objection to dolomitie lime but this dis- 
advantage can be overcome by aeration 
of the mixture. Pulverized high-caleium 
limestone is a cheap, plentiful agent but 
its reactivity is low. The reactivities of 
limestones from different sources vary 
widely. Dolomitie limestone is too un- 
reactive for pickle liquor treatment. Pre- 
cipitated chalk is more reactive than 
natural calcium carbonate and when avail- 
able as a chemical industry by-product, 
sells for only a slightly higher price. 
Cement dust has a variable reactivity. 
It should be a plentiful low cost material, 
however. Acetylene sludge (impure, hy- 
drated, high-calcium lime) is a by-product 
of acetylene generation and is sometimes 
available at a low price. Magnesia has a 
high basicity and offers possibilities for 
by-product recovery but its cost is high. 

Pilot plant experiments suggest that on 
a large seale the difference in reactivity 
between dolomitic and high calcium limes 
may be less than indicated in laboratory 
experiments. The pilot plant tests have 
also shown that by varying the type of lime 
and the method of mixing, sludges of 
widely different dewaterability can be 
produced. Repeated runs have shown 
that for a given set of conditions the same 
type of sludge is always produced. 

Data are given on two sludge dewatering 
runs. 

Right tables of data. 
Three references. 


Right graphs. 


D. Haney 


Dry Lime Treatment of Waste Pickle 
Liquor. By C. J. Lewis. Jron Age, 
163, 48-53 (Jan. 20, 1949). 

The author reports on results obtained 
from operation of a pilot plant for investi- 
gation of waste pickle liquor neutraliza- 
tion. The work was done by the Warner 
Company, under Mr. Lewis’ supervision, 
in cooperation with steel and equipment 
manufacturers. 

Vacuum filtration of sludges produced in 
conventional neutralization of pickle liq- 
uor with lime slurry has generally been 
unsatisfactory because of the slimy nature 
of the slurry; centrifugation of such ma- 
terial has also been impractical for the 
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The author found that 
filterability could be greatly improved by 
treating the waste liquor with an excess of 
dry lime. This treatment method results 
in a relatively granular sludge that de- 
waters rapidly in a basket-type centrifuge 
or by vacuum filtration. Where the slurry 
is dewatered by centrifugation, the efflu- 
ent must be passed through a polishing 
filter if suspended solids must be removed 
completely. 

Using 300-400 per cent excess high cal- 
cium or dolomitic lime to treat representa- 
tive pickle liquors, the data show sub- 
stantially complete precipitation of iron, 
and a centrifuge rate of 21 to 74 lb. of dry 
solids per square foot per hour. Sludge 
cakes contained 38 to 45 per cent moisture. 

Although this procedure uses a large 
excess of lime to improve filtration rate, 
it has the advantage of holding slurry 
volume to a minimum, thus reducing the 
total volume that must be handled. The 
author points out that his proposed proc- 
ess would be applicable chiefly where waste 
liquor volumes are relatively small, i.e., 
perhaps several thousand gallons per day. 
Where large volumes must be treated, the 
advantages gained from dry lime treat- 
ment would not justify the cost of the 
excess lime 

Four tables of data are included. 
RicHarp Hoak 


same reason. 


Recent and Prospective Developments in 
Sewage Purification at the Outfalls of 
the London County Council. By E. H. 
Vick, G. S. CLEMENTS, AND A. Bruce. 
Inst. Purification (Great Bri- 
tain) Preprint (Nov. 19, 1948). 


sewage 


The two outfalls of the London County 
Council serve an area of 180 sq. mi. and a 


population of about 4.5 million. Since 
1S9O0, precipitation works have been in 
service, using lime and ferrous sulfate in 
the early davs. In 1895 sludge vessles 
were acquired to run the sludge into the 
North Sea about 55 mi. from the outfalls. 
The works effluent enters the tidal River 
Thames 

Experimental work has been carried on 
since 1S92, first on contact (1892 
1903) and later on activated sludge. In 
1928 the Council began construction of a 
5 to 10 million Imp. Gal. (6 to 12 million 
U.S daily activated sludge plant at 


beds 


gal. 
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Barking. Between 1935 and 1940 the 
works were enlarged to handle 60 million 
Imp. (72 million U. S.) Gal. per day. 
This plant uses surface aeration (Hartley 
type) with reaeration by diffused air. 
Sludge digestion has also been explored 
(with heat since 1932), and since 1938, in 
a working plant for 200 tons of solids daily, 
heated directly by steam. Since 1942, 
experimentally, sludge has been composted 
with refuse for use on farms. 

The Northern Outfall Works handles 
an average of 180 million Imp. (216 
million U.S.) Gal. per day, varying from 
60 to 300 million Imp. Gal. The sewage 
is treated by sedimentation in covered 
basins of brick. Nominally, each channel 
is shut down for 60 hours, the supernatant 
decanted, and the sludge swept out manu- 
ally. 

The four sludge vessels carry 1,500 tons 
each, carrying 25,000 tons per week to sea. 

The Southern Outfall Works handles an 
average of 100 million Imp. (120 million 
U.S.) Gal. per day. 7,500 tons of sludge 
are carried to sea weekly. 

The settling channels are covered, and 
equipped in recent years with electrically 
driven scrapers, running day and night. 

Operations are controlled jointly by 
the Chief Engineer’s and the Public Health 
Departments of the London County 
Council. 

Some war damage occurred. 

Considerable construction was under 
way in 1948 at the Northern Works, add- 
ing detritus pits, additional heated sludge 
digestion capacity (1,200 tons per day); 
and at the Southern Outfall, remodeling 
the pumping station. 

Present day (1947-1948) experiments 
cover recirculation of effluent in the 
activated sludge plant; secondary diges- 
tion; composting; mechanical removal of 
sludge. 

The analysis for 1947 for the Northern 
Outfall show in p.p.m.: 
B.O.D 
24.6 338 
226.4 190 
182.0 146 

36.4 34 


Suspended 


Location Solids 


Raw Sewage 

Preliminary Sed. Effluent 
Weir Chamber Effluent 
Activated Sludge Effluent 


The sludge shipped to sea averaged 
Water 95.07 per cent. The dry solids 
averaged—Loss on ignition 67.74 per cent; 
Total nitrogen, 3.09 per cent, 
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To improve the effluents, new works are 
proposed for primary sedimentation (me- 
chanically cleaned); diffuser air activated 
sludge treatment (at present for 30 million 
Imp. Gal. p. d.); sludge digestion at 85° F., 
with external heating tanks and mixing 
by circulating pumps. Although the 
cheapest method of sludge disposal is by 
dumping at sea, there is a continued review 
of methods for returning sludge to the land. 

LANGDON PEARSE 


The Use of Digested Sludge and Digester 
Gas for the Production of Dried Gas. 
By H. G. Letau. Institute of Sewage 
Purification (England). Mimeo. preprint 
(1948). 

At Blackburn, liquid digested sludge is 
irrigated on 400 acres of land rented to 
eight farmers. The sludge is pumped 
through 1.5 miles of foree main and dis- 
tributed once or twice a vear at a cost of 
6.5 pence (13 cents) per ton. The land 
receives two tons per acre per year. Dur- 
ing the war, cereals were grown. The 
grass is cut at monthly intervals, when 6 to 
S in. long, and dehydrated for cattle 
fodder. A yearly vield of 5.5 tons of 
dry grass has been realized, with Italian 
rye or cocks foot grass. To improve the 
procedure, the sludge is to be digested with 
heat control, the sludge gas being used for 
drying grass. Grass dryers commonly 
used are low temperature, operating 
around 200° to 300°C. To secure uniform 
drying, a conveyor type of dryer is pre- 
ferred, 

The details of the final project are still 
in an experimental stage. It is estimated 
that if the dried grass ean be sold for £30 
per ton ($120.00), the cost of operation 
(including sludge digestion) will be paid 
(including fixed charges) and will reduce 
the cost of sludge disposal from 934 pence 
to one penny (approximately from 16.2 to 
1.7 cents) per ton. 

LANGDON PEARSE 


West Middlesex Main Sewerage—Opera- 
tional Aspects. By M. W. Summers. 
J. Institution of Sanitary Engineers, Vol. 
48, part 3, pp. 119-155 (Oct. 1948). 
This paper describes in detail opera- 

tional problems in the West Middlesex 

project. The main sewerage is divided 


REVIEWS AND ABSTRACTS 599 


into a high and low level area. The 
County receives sewage flows up to. six 
times the dry weather flow, which is de- 
fined as 40 Imp. (48 U.S.) Gal. per cap. 
per 24 hr. The population served is 
nearly 1,400,000. Manholes have a maxi- 
mum depth of 90 ft., and on the 10 ft. 
sewers may be 400 to 500 yd. apart. 
They are of two types, either a 2 ft. 
7!o in. square brick shaft or a shaft of 2 
ft.-9 in. diam. cast-iron pipe. The latter 
are most popular. The Jadder rungs 
(7%-inch diam.) project about in. 
Chambers are built on the sewer for 
convenience. Flow is controlled by dam 
boards for repair purposes. Fifty-two 
flume recording gauges are installed, and 
30 level recorders. Monel or stainless 
steel wires proved superior to braided 
copper. Hard rubber floats are used. 
Manholes have perforated covers. Air 
inlet shafts are placed about SO yd. apart. 

Average velocities exceed 3 f.p.s. 

For working purposes, portable dry 
batteries are used, with an S-watt bulb. 

Routine maintenance is carried on by 
centralized gangs, under one foreman, 
familiar with the entire system, equipped 
with motor transport (carrying 6 to S men). 
No man over 55 years old is required to 
work in a sewer. The vans carry safety 
kits as well as necessary tools. 

Precautions are taken to provide ven- 
tilation, check for gases by safety lamp, 
and prevent smoking within 5 yd. of a 
manhole. Two men are always present 
at the top of the manhole. 

In the discussion, R. F. Pearson noted 
the failure of aluminum in contact with 
sewage and the experimental use of fans 
by London County for ventilation. 
Others commented on sizes of manholes, 
types of death recorders. W. T. Lockett 
stated that hydrogen cyanide gas was 
negligible in the West Middlesex system. 
He considered that not more than 10 
p.p.m. of HCN should be present in 
sewage. The author noted that grit did 
not deposit in the sewers but was carried 
forward to the Mogden Works (5 to 6 cu. 
vd. per day being removed). 

LANGDON PEARSE 


The Effect of Cyanides on Treatment of 
Sewage in Percolating Filters. By A. 
k. V. Perverr anp H. M. Tuomas. 
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This 


section 


paper was presented before a 
of the Royal Institute of Chem- 
istry, Dartford, England. 

Waste waters from certain electroplat- 
ing and metal hardening processes contain 
sufficient cyanides to render these liquids 
unsuitable for discharge to a river, or even 
Other investigators have shown 
that HCN concentrations greater than 1 
p.p.m, interfere with treatment of sewage 
by the activated sludge process. In the 
present investigation the effeet of eyanide 


a sewer, 


on treatment of settled sewage in experi- 
mental percolating filters was studied. 

At an HCN concentration of 2 p.p.m. 
interference with nitrification was 
and at 4 p.p.m. the B.O.D. of the 
filter effluent was appreciably increased 
At concentrations up to 10 p.p.m., 98-100 
per cent of the cyanide was destroyed by 
the filter, while the sudden addition of a 
dose of 30° p.p.m 
filter inhibited nitrification and led to an 
effluent of extremely poor quality. 

On continued application of this amount 
of cyanide, however, the filter slowly re- 
covered its biological activity and eventu- 
ally produced an effluent of satisfactory 
quality, free from cyanide. Interference 
with the operation of a filter was much re- 
duced by pre-treatment of the evanide by 
chlorination in alkaline solution. Effluent 
filter receiving sewage containing 
eyanide was toxic to fish when the effluent 


than 0.1] HUN: 


ob- 


served, 


to sewage treated in a 


from a 


contained more p.p.m, 


effluent from a filter receiving pre-treated 


evanide was slightly toxie, but became 
when neutralized. 
RicHarp ID. 


non-toxic 
Hoak 


Maryland Water Pollution Control Com- 
mission: First Annual Report and Policy 
Committee Report, 1947. 

The Commission, which began to fune- 
tion June 1, 1947, 
vestigated 107 pollutional complaints; 
Inspected 237 industrial plants; made five 
minor stream pollution surveys; and made 
SIX Sanitary sewage Inspections. 

Four regulations have been issued, ss 
follows l prohibiting discharge of oil 
from boats; (2) prohibiting disposal of 


garbage or food containers in open waters; 


reports that it has in- 
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(3) requiring food processors or packers to 
remove coarse particles from waste waters 
by fine-screening (1/32 in. mesh), and to 
provide additional treatment where nec- 
4) establishing standards of efflu- 
ent quality for industrial wastes, but ex- 
empting acid mine water. 

The ten standards established for in- 
dustrial 
detail. 


essary; 


waste effluents are described in 
This material was taken verbatim 
from a paper, “Standards for Industrial 
Waste Treatment and Disposal,’’ pre- 
sented by W. B. Hart before the Pennsyl- 
vania Chemical Society, March 26, 1948, 
It was the thesis of the Hart paper that the 
effect of a waste on stream ecology is much 
more important than the composition of 
any specific waste, and he proposed that 
the stream serve as a primary standard for 
qualifying effluents. He suggested maxi- 
mum limits, for a group. of 
that 
ceeded under any circumstances. 


Waste water 
were not to be ex- 
If ex- 
perience proved that the maximum limits 
were too high to permit gradual recovery 


characteristics, 


of a polluted stream, appropriate maxima 
could be reduced until economic recovery 
would be insured. A determination of 
the biota normal to a stream under best- 
publie-interest conditions would be made 
and the secondary, or effluent) standards 
adjusted to permit development of such a 
biota. 

The report of the Policy Committee is 
an excellent outline for agencies concerned 
with pollution abatement. It emphasizes 
the importance of basing decisions on all 
facts and of serving the best 
interests of the entire State. It recom- 
mends that criteria and standards of 
water quality be established for Commis- 
sion guidance, but not by regulation for 
uniform application, and to invite the 
views of interested groups before adopting 
standards. Cooperation with industry in 
seeking sound solutions for waste disposal 
problems is stressed throughout the report, 
and it states that standards of quality 
should be not only technically attainable, 
but also financially feasible, to avoid im- 
posing burdens out of proportion to the 
benefits sought. 


relevant 


RicHarp DD. Hoak 


Periodicity of Dosing Percolating Filters. 
The Surveyor, 107, 567 (Oct. 29, 1948). 
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This article is a report of the discussion 
of a paper of the same name at the annual 
summer conference of the Institute of 
Sewage Purification. The original paper 
appeared in The Surveyor on July 30, 
1948. It described laboratory and plant 
sized tests which indicated that feeding 
trickling filters in flushes at intervals gave 
better results than a more truly continu- 
ous feeding. In the plant tests the in- 
time between flushes 
accomplished by reversing one arm of 
the distributor, thus slowing the speed of 
rotation. 


crease of Was 


The subjects discussed included phiysi- 
cal and mechanical effect, optimum fre- 
quency of dosing, ponding, suspended 
solids, dispersal of surface growths, and 
determination of time of contact. 


an 
L. Herriek 


London’s Sewage Outfalls: Prospective 
Purification Developments. By Ik. H. 
Vick AND G. S. Clements. The 
veyor, 107, 677 (Dee. 17, 1948). 


Sur- 


The two outfall works of the London 
County Council handle sewage and storm 
water from an area of about 1SO sq. mi. 
The population served is about 4,500,000. 

The Southern Outfall Works handles 
sewage from London south of the Thames 
along with sewage from some districts out- 
side the County of London. Preliminary 
sedimentation is the only treatment pro- 
vided. Sludge is barged to sea for dis- 
posal. 

The Northern Outfall Works serves the 
urea north of the Thames. Some districts 
outside the County of London are also 
served. The average dry weather flow is 
about m.g.d. (Imp.). Preliminary 
sedimentation is provided for the entire 
flow and activated sludge treatment. is 
provided for 60 m.g.d. Extensions will 
be provided in two steps over a 10 year 
period. During the first 5 year period 
new primary sedimentation tanks will be 
built for half the flow, activated sludge 
treatment for an additional 30 m.g.d. and 
sludge digestion facilities sufficient to 
handle half the sludge produced. The 
second step will provide sedimentation 
tanks for the remainder of the flow and 
sludge digestion facilities so that the entire 
volume of sludge may be treated, 
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For about 50 vears all sludge from the 
outfall works has been dumped at. sea. 
At present 3 sludge vessels are available. 
There is a strong feeling that sewage 
sludge should be returned to the land, and 
various means of effecting this objective 
ure under review. 


T. L. Herrick 


The Design of Detritus Tanks. By I’. 
Dixon Gruppe. The 108, 3 
(Jan. 7, 1949). 


Surveyor, 


In this article the design of rectangular 
grit chambers is discussed. Design of an 
egg shaped channel with a rectangular 
outlet notch, proportioned to give a con- 
stunt velocity at all depths, is included. 

T. L. Herrick 


What is Sewage Siudge and How is it 
Dealt With? By A. L. Aspporr. 
Institute of Sewage Purification (South 
African Branch), Conference on Utiliza- 
tion of Sewage Sludge, Pretoria, South 
Africa (Nov. 1948). 

This paper is a general discussion of 
types and characteristics of sludge pro- 
duced from sewage treatment processes. 
Common methods of disposal of sludge are 
discussed as follows; disposal by 
dumping at sea and disposal on land, de- 
watering, incineration, lagooning, diges- 
tion, heat treatment, and composting. 

H. HeukeLeKian 


Sewage Sludge and Disease: The Role of 
the Sludge Digestion Process. [3 
Institute of Sewage 


Purification (South African Branch), 
Conference on Utilization of Sewage 
Sludge, Pretoria, South Africa (Nov. 
1948). 


A review is given of the information 
available regarding the survival of disease 
organisms and their transmission by 
sewage sludge. Raw sludge is potentially 
more dangerous than the original sewage 
from which it is derived because of the 
greater concentration, The disease or- 
ganisms which may be present in sludges 
are typhoid, amoebic dysentery, poliomy- 
elitis virus, and ova of parasitic worms. 
Respective extent of danger from these 
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various types of diseases by the use of 
sludge is not well established. 
Some of the recent information regarding 
the effect of sludge digestion and sludge 
drying on the survival of pathogenic or- 
ganisms is reviewed. From the evidence 
it is concluded that the longest period of 
viability in sludges of any pathogens 
studied is 180 days in raw undigested 
sludges. Sludge digestion can reduce this 
interval of 3 months. True sterility can 
be obtained by heat treatment of the 
sludge. 


sewage 


H. 


Disease and Sewage Sludge. By H. 
Witson. Institute of Sewage Purifica- 
tion (South African Branch), Confer- 
ence on Utilization of Sewage Sludge, 
Pretoria, South Africa (Nov. 1948). 
The danger of disease arising from the 

use of sewage sludge as fertilizer is dis- 

It is stated that there is no rec- 

ord during the past 100 years of an out- 

break of disease which can be attributed 
to the use of sewage sludge as fertilizer. 

The disease organisms which may be pres- 

ent in sewage sludge are anthrax, bacillary 

and amoebic dysentery, typhoid, tuber- 
culosis, parasitic worms, poliomyelitis, 
leptospira and brucella. Since these or- 
ganisms are found in sewage sludge, then 

a potential danger exists. But there is a 

rapid mortality of the pathogenic organ- 

The numbers surviving after a 

definite period of time under a given set of 

conditions will be dependent upon the 
initial numbers. The numbers of patho- 
genic organisms surviving in sewage 
sludge after digestion and drying on sand 
beds will be small compared with the num- 
bers in raw sludge unless the numbers in 
the latter are large due to epidemies. 
There is an additional safety factor when 
the sludge is applied to the soil before 
planting as exposure to weather and soil 
organisms will reduce the number of patho- 
gens and the chances of infecting a crop 
with pathogenic organisms are very small. 

Use of unsterilized sludge as surface dress- 

ing for vegetables is discouraged. Heat 

sterilization, chemical methods of sterili- 
zation such as lime and aerobie biological 


cussed. 


isms. 


methods such as composting are consid- 
ered as means of rendering the sludge safe. 
H. HeukKeLEKIAN 
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Some Thoughts on the Agricultural Im- 
portance of Sewage Sludge. By P. R. 
Krice. Institute of Sewage Purifica- 
tion (South African Branch), Conference 
on Utilization of Sewage Sludge, Pre- 
toria, South Africa (Nov. 1948). 

The author takes the stand that it is an 
unforgivable crime to discharge sewage 
sludge to sea or to incinerate it because of 
the loss of fertilizer value and makes a plea 
to return it back to the soil. The di- 
gested and air dried sludge is not best 
suited for fertilizer purposes but should be 
composted. Digested sludge is not im- 
mediately available food but must be con- 
verted by soil organisms into plant food 
but when composted it is a rich plant food. 
Dried digested sludge, screenings, detritus 
and scum have been successfully composted. 
The product from composting is semi- 
sterile because of the high temperatures 
(60° F.) allowed in the heap whereas di- 
gested sludge is not safe. Compost heaps 
are best prepared in a rectangular pit in 
layers of 1 ft. in depth, interspersed with 
layers of soil and with a light sprinkling 
of lime. The materials into the 


going 


heap should have the proper moisture 
content. 


H. HruKeLeKIAN 


Poliomyelitis and Sewage. By James 
Lear AND VERONICA Merasrocu. In- 
stitute of Sewage Purification (South 
African Branch), Conference on Utiliza- 
tion of Sewage Sludges, Pretoria, South 
Africa (Nov. 1948). 

Samples of settled sewage and = sand 
filter effluents collected from the Cydna 
plant in South Africa about a month after 
the last known case of infantile paralysis 
had oceurred, the presence of 
poliomyelitis virus in the settled sewage 
but not in the sand filter effluent. Later 
a more detailed analysis showed the pres- 
ence of a virus in the raw sludge, settled 
and humus tank effluent. The 
virus could not be detected in the digested 
sludge (after 30 days) and sand _ filter 
effluent. There had been no clinical cases 
of poliomyelitis for two months prior to 
this. When an outbreak took place later, 
the virus was detected regularly in the 
settled sewage. Sometime after the epi- 
demic abated the virus was not detected. 
Since the virus reflects the 


showed 


sewage 


presence of 
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degree of infection of the community 
during an epidemic the infection is wide- 
spread and during periods when there is 
no epidemic the presence of the virus is 
not demonstrated. The effluent from a 
septic tank where an infantile paralysis 
had oceurred contained the virus 
two months later. 

It is concluded that the presence of 
virus in sewage and effluents from sewage 
treatment plants of trickling filter type, 
does not result in the spread of the disease 
by contamination of water supplies, and 
wherever effluents are used for irrigation 
of crops and by inseets. Vegetables ir- 
rigated with trickling filter effluents did 
not show the presence of the virus. 

H. HreuKeELEKIAN 


case 


Calm Approach to Radioactive Wastes 
Problem Urged. Chem. and Eng. News 
27, 7, 413 (Feb. 14, 1949). 

Radioactive waste disposal problems 
were discussed at a seminar conducted by 
the Atomie Energy Commission in Wash- 
ington, D. C., January 24 and 25, 1949. 

Permissible limits and tolerances of 
were discussed. Human 


radioactivity 
tolerances can be determined through ex- 
periments and observation of those who 
have worked with x-ray or radium over the 


past 50 vr. It was noted that at least 4 
radiouctive materials are normally found 
in the human body. (Carbon, potassium, 
radium, and uranium.) Control of con- 
tamination can best be accomplished by 
close confinement and removal of the con- 
taminants from the smallest possible 
volumes of air or water near the source. 
Isotopic dilution offers considerable prom- 
ise; for example, radioactive carbon dioxide 
might be diluted with ordinary carbon 
dioxide. 

Liquid wastes present a difficult’ prob- 
lem. Most of the fission product waste 
has no present use and is stored in under- 
ground tanks and allowed to decay. At 
Oak Ridge, Tenn., it then passes to a large 
holding pond and then to a lake. The 
entire waste system is in a restricted area 
and the wastes are carefully checked. 

One disposal method, which will prob- 
ably be suecessful but laborious and ex- 
pensive, is evaporation. A deeontamina- 
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tion factor of at least 100,000 is possible 
by this method. The use of ion exchange 
resins is also under consideration, as is 
treatment of certain waste streams for 
recovery of non-radioactive material. 

An activated sludge process for the 
treatment of radioactive wastes was dis- 
cussed. Experiments at Los Alamos, 
N. Mex., have indicated that more than 
95 per cent of a long-life alpha-emitter, 
such as uranium or plutonium, in con- 
centrations up to 1.4 micrograms per 
liter, may be removed from the liquid and 
transferred to the sludge. It was pre- 
dicted that biological concentration meth- 
would be cheaper than chemical 
methods for removing radioactive ma- 
terials from liquids. 

The Atomic Energy Commission hopes 
to combat the tendency toward undue 
alarm regarding radioactive waste disposal 
by telling the public the problems involved 
and how they are being solved. 

D. Haney 


ods 


Water Analysis. By S. K. Love. Ana- 
lytical Chemistry 21, 2, 278 (Feb., 1949). 
This paper presents a review of ana- 

lytical methods developed during the last 

5 years as applied to water analysis and 

reported in the literature. 

The most important advance in ana- 
lytical methods for water in recent years 
has been the adoption of instrumentation. 
Examples are electrophotometers, elee- 
tronic pH meters, and flame photometers. 
Another outstanding advance has been the 
introduction of a large number of organic 
reagents specific for the quantitative de- 
termination of inorganic constituents. 

Recently reported studies on the de- 
termination of silica, aluminum, iron, 
‘calcium, magnesium, sodium, potassium, 
copper, alkalinity, sulfate, chloride, 
fluoride, nitrate, nitrite, phosphate, dis- 
solved solids, residual chlorine, dissolved 
oxygen, carbon dioxide, and organic 
matter are reviewed. Of particular inter- 
est to sewage works chemists and operators 
are the discussions on dissolved oxygen, 
chlorine, and organic substances. 

The bibliography contains 155  refer- 
ences. 


Paut D. Haney 
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Book Review 


and JAMes T. Do 
McGraw-Hill Book Company, 
York 18, N. YY. Fourth Edi 


Price 


Water Supply Engineering. 
OLD E. 
LAND. 
New 


tion 


The Fourth Edition of this well- 
known text and reference has been en- 
hanced by an format and 
The enlarged 
page vives better appearance and read- 
ability. 


improved 
higher quality paper. 
The index has been extended 
$000 items 
Many changes have been made in the 
text. The financing has 
been made more practical by the elimi 
nation of formulas and tables in favor 
financing 
An explanation of the lo- 
vistic erid has been added in the ap- 
plication of the Verhulst theory to 
future populations. 


to include more than 


coverage of 


of expanded discussion of 


methods. 


prediction of 

The chapter on ground water me- 
chanics has been completely rewritten 
to include discussion of the ‘* free sur- 


face curve” 


and a demonstration of 
approximation by the familiar Dupuit 
formula, The use and application of 
Ranney wells are emphasized. 

The chapter on electrical equipment 
has been improved by replacing theo- 
retical discussion with information on 
the characteristics of such equipment 
that are pertinent to 
method for the 


SIZe, 


selection. 
determination of the 
and 
in deep well pumps is presented, to- 
vether with data on the jet well pump 


diameter, number of stages 


and an improvement in the methods of 
air-lift desien. 

Material on intakes, dams, and reser- 
voirs has been rearranged, and a prac- 
tical method for the solution of prob- 
lems of surge in 


hammer and 


long pipe lines is given. 


Water 


Recent standard specifications are 
quoted in’ the chapter on 
with detailed 


method of 


materials 
reference to the 
computing and 
Six prin- 
COrrosion are eXx- 


strength 
thickness of cast iron pipe. 
ciples of metallic 
plained clearly. 

The effect of elevated storage on dis- 
tribution systems is shown analytically 
and graphically. The Hardy 
system of network analysis is simpli- 
fied, and the Conklin method for esti- 
mation of rates of flow in pipe grids is 
explained. 


(ross 


In the chapters on water treatment, 
methods and equipment for the dry 


feeding of chemicals are discussed 
more fully. 


sand, 


The use of coarser filter 
filtration rates, and im- 
proved methods of preparing water for 


higher 


filtration is recognized, with partieu- 
lar reference to Chicago experience. 
Modern chlorination practice, inelud- 
ing break-point treatment. is given sub- 


stantial coverage, and the principles 


of chlorination are simplified. 
An appendix includes 217 
water works problems, of 


typical 
which 27 
were developed for this edition. 


W. H. 
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P. F.T. Floating Covers 


FO 
PHILADELPHIA'S 
NORTHEAST TREATMENT 


WORKS 


TWELVE P. F. T. Supernatant Selectors and Su- jf 
pernatant Guage, Sight-Glass and Sampler 
Units. 

EIGHT P, F. T. Cover Position Guage Boards con- 


sisting of 4 scales each with low level alarms. 


Il. F. T. Equipment has a banner 
role in the nearly-completed plant 
additions at Philadelphia's North- 
cast Treatment Works 


The eight floating covers to fit 110’ 
©” diameter digestion tanks plus the 
equipment above will serve the di- 
vestion capacity of 2,420,000 cu. ft 
provided for a design population of 
870,000. Solids to be handled by the 
digesters will consist of primary and 
waste activated sludge for the treat- 
ment of an average design flow of 
125m. g.d 
In addition, the aeration tanks have 
heen so constructed that the activated 
Sudge process may be operated under the licensed Above: Eight 110° 6" Diameter Digesters with 
T.-Kraus “Digester Liquor Nitrification Pro- F. T. Floating Covers, Northeast Treat- 
ment Works, Philadelphia, Pa. (Bureau of 
Engineermg, Department of Public Works. 
City of Philadelphia, Engineers ) 


‘to provide a positive control and elimination 


! bulkine and to make beneficial use of 
the digester liquor. Write for complete details : 
Below: Closeup of one of eight P. F. T. 
Floating covers for 110° 6” diameter digesters 
at Northeast Plant 


about the Po equipment that is providing 


“Safe Samtation for the Nation.” 


4241 RAVENSWOOD AVENUE CHICAGO 13, ILLINOIS 
NEW YORK @ LOS ANGELES @ SAN FRANCIKO @ CHARLOTIE NC @ DENVER @ TORONTO 


A 


SEWAGE WORKS JOURNAL 


ain 
Cas tes kind 


URING the past half- 

century, sanitary engineer- 
ing has made great strides in 
combatting diseases caused by 
pollution of water sources. The 
year 1899, when our Company 
was established, also marked the 
development of sewage treatment 
in America. Today, more than 
6,000 sewage treatment plants are 
in operation serving over half of 
our urban population. 


The growth of water supply 
and gas service during this period 
has been equally remarkable. 
Today, 12,000 public water supply 
systems serve 85 million people. 


To those responsible for the great progress in 
water supply, gas and sanitation service and 
their contribution to better health and living over 
the past fifty years, America pays tribute 


Wa?” 


More than 20 million homes are 
furnished with gas for cooking 
and heating. 


It has been our privilege to 
share in the progress of these 
public services by providing cast 
iron pressure pipe, for water, gas 
and sewer mains, and for sewage 
treatment and water purification 
plants. Better pipe today, natu- 
rally, than 50 years ago—stronger, 
tougher, more uniform in quality. 
An old-time pipe founder would 
be amazed by the improved cast- 
ing methods, production stand- 
ards and quality controls in op- 
eration at our several foundries. 


1899-1949 
U.S. Pipe & Foundry Co 


Makers tor SO years of cast iron pipe 
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In large activated sludge sewage plants (such as those of 


the Chicago Sanitary District) and in small installations. 


too, Norton Porous Plates or Tubes are selected for maxi- 
mum efficiency and minimum costs in air diffusion. During 
manufacture the closest control is exercised over such im- 
portant qualities as permeability, porosity, pore size and 
wet pressure loss. These Porous Mediums are physically 
strong, chemically stable and resistant to heat. They are 
constructed to deliver air to the sewage in amounts and at 


flow rates calculated to give the best results. 


For complete information 


write for Catalog No. 1246. 


NORTON COMPANY Worcester 6, Mass. 


WNORTONP Porous Plates and Tubes. 
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Keduced Treatment Costs 


| es LOAD at the disposal plant—and, 
therefore, a reduction in sewage treat- 
is one of the practical advan- 
tages that often result from the use of 
Transite* Sewer Pipe. 


ment Costs 


These are two good reasons for this: 


(1) Transite’s special sleeve-type joints that 
cut sewer line infiltration to a minimum. 


(2) Transite’s long 13-foot lengths that re- 
duce the number of joints in the line—an 
additional safeguard against infiltration. 


Besides the immediate saving in treatment 
costs, this reduction in load enables 
plant capacity to be conserved for future 
needs. And, where new treatment facilities are 
planned, it permits consideration of a smaller 
plant... with possible important economies 
in disposal equipment. 


also 


e Johns-Manville 


Other Transite Economies... Transite has 
an exceptionally smooth interior that reduces 
resistance to flow. This, combined with its 
long lengths that help maintain uniform 
grades, plus fewer joints that reduce turbu- 
lence, often permits designing the system with 


flatter grades and shallower trenches. Or, as 


an alternate economy, pipe of smaller diam- 
eter may be specified. 

Transite Sewer Pipe is made of asbestos, 
cement and silica by a special method of 
manufacture which develops high, uniform 
strength and resistance to corrosion. It is 
available in four strength classes in sizes to 
36". This permits selection of the pipe best 
suited to trench conditions, frequently elimi- 
nates the need for concrete cradles. 

For further details, write Johns- 


Manville, Box 290, New York 16, 


JM 


*Transite is a Johns-Manville registered trade mark 


TRANSITE SEWER FHPE 
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STANDS UP 


LONGER IN 


SEWAGE SERVICE 


One of the five 13-year-old shut-off gates of 
Everdur Metal in the screen room of the Rahway 
Valley Joint Meeting Sewage Treatment Plant 


Wrought Everdur 
KEEPERS — 


Cast Everdur 
> 
$53 POUNDS 


Everdur Studs 
Washer Bolts 
and Nuts 


Wrought Everdur 
BRUCKLE PLATE 
GATE 

SAK Ys 


rounns 


WEIGHT OF ASSEMBLY 1624 POUNDS 


F” 20 years Everdur* Copper-Silicon 
Alloys have performed well under the 
corrosive conditions imposed on sewage 
treatment equipment. These alloys have 
unusual resistance to corrosion. In addi- 
tion, they provide high strength and, ac- 
cording to type, may be cast, hot or cold 
rolled, drawn, spun, forged or welded. 

A good example of Everdur advantages 
is seen in the five shut-off gates in the screen 
room at Rahway, N. J., installed more than 


COPPER-SILICON ALLOYS 


THE AMERICAN BRASS COMPANY 
General Offices: Waterbury 88, Conn. 
Subsidiary of Anaconda Copper Mining Company 
In Canada: ANACONDA AMERICAN Brass LTb. 
New Toronto, Ont. 


13 years ago. These gates, which operate 
smoothly and easily by hand, weigh 1624 
Ibs., while cast,electrically-driven gates for 
the same service would have weighed well 
over four tons each! 

Since sewage service must not fail, a 
cotter pin may be as essential as the most 
massive equipment. Thus, Everdur Metal 
has been widely specified for such uses as: 
Coarse and Fine Screens Anchors 
Ladders 
Float Gage Chains 
Valve Springs 


Swing Gates 
Built-up Sluice Gates 
Bar Rack Aprons 
Effluent and Scum Weirs Manhole Steps 
Scum Baffle Brackets Guides 

Troughs Walkways 

Bars and Plates 
Bolts and Nuts 


Screen Hoppers 
Orifices 
Baskets 


For detailed information, write for Publi- 
cations E-11 and E-5. 


*Reg. U.S. Pat. OfF 
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Modern Sewage Treatment Plants 


require equipment that has proved itself 
efficient and is backed by individual 
responsibility for design, engineering, fabri- 
cation and initial operation. 


General American Conkey Sludge Filters— 
the first to be used for large scale dewater- 
ing of sludges such as primary, elutriated- 
digested, Guggenheim Process, etc. — are 
dewatering more than a thousand tons of 
dry solids daily. 


General American Louisville Dryers have 
been successfully used for years drying both 
activated and digested sludges. Type “L”, 
with patented fire-conduits to eliminate 


scorching or burning, produces a uniformly 
high quality maximum yield of dried 
product for fertilizer or earth conditioner. 


Let the experience and knowledge of 
General American engineers help you while 
your plans are in the blue print stage. 


Other 
GENERAL AMERICAN EQUIPMENT 


SLUDGE DRYERS 
SLUDGE GASHOLDERS 


STORAGE TANKS 
THICKENERS 
TURBO-MIXERS SCREENING DEWATERERS 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


Process Equipment Division 


PROCESS 


SALES OFFICE: 10 East 49th St., Dept. 8302, Mew York 17, W.Y. 
WORKS: Sharon, Pa., East Chicago, Ind. 


OFFICES: Chicago, Cleveland, Louisville, Orlando, 


Pittsburgh, St. Louls, Sharon, Washington, D. C. 
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HEaAtTX UNIT 


Shown above is the Walker Process HeatX Unit recently 
installed at East Lansing, Mich. 


Designed to provide ABSOLUTE CONTROL 
over each function of sludge heating 


Requires a minimum of necessary safety con- 
trols. . . eliminates all complicated, easy-to-get- 
out-of-order “gadgets”’. 

Each function is separate... easily and ac- 
curately controlled. 

Sludge pumps provide forced circulation of 
sludge from digester through heater tubes, and 
the hot water pump forces uniform flow of jacket 
water to maintain desired heated sludge tem- 
peratures under highly efficient turbulent flow 
conditions. 

This versatile HeatX Unit is adaptable to all 
existing installations... without changing pres- 
ent boiler. We'll gladly supply complete details. 


WRITE FOR BULLETIN 24824 


Heat Exchanger 


East Lansing, Mich. installation shown 
completely enclosed. 


Walker Process HeatX Unit installation 
at Webster City, lowa 


WALKER PROCESS EQUIPMENT. INC. 


PROQUIP EQUIPMENT ENGINEERING 
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DIRECTORY OF ENGINEERS 


(Continued on page 34) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 
Censalting Engineers 

WATER, SEWAGE AND INDUSTRIAL 
WASTE PROBLEMS 

AIRFIELDS, REFUSE INCINEBRATORS 
INDUSTRIAL BUILDINGS 

CITY PLANNING VALUATIONS 


REPORTS LABORATORY 
Suite 816-822 
1528 Walnut St. PHILADELPHIA 2 


ALVORD, BURDICK & HOWSON 


Engineers 


Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, Water Purification, 

Flood Relief, Sewerage, Sewage 

Disposal, Drainage, Appraisals, 
Power Generation 


Civie Opera Bullding Chicago 


BAXTER, NELSON & WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P, 0. Box 67 


Crystal Lake, Hlinois 


ONLY $48 PER YEAR 


is the cost of a professional listing 


in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


BLACK & VEATCH 
Consulting Engineers 

4706 Broadway, Kansas City 2, Mo. 

Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 

Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 

Investigations and Reports. 


CLINTON L. BOGERT ASSOCIATES 
Consalting Engineers 

CLINTON L. BOGERT Ivan L. BoGertT 

J. M. M. GREIG RopertT A. LINCOLN 

DONALD M. DITMARS ARTHUR P. ACKERMAN 
Water and Sewage Works 

Refuse Disposal Industrial Wastes 

Drainage Flood Control 

624 Madison Ave, New York 22, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewerage—Sewage Treatment 
Water Supply— Purification 
Refuse al— Analyses 

Municipal—Industrial Projects 

Valuations—Reporte— Deagns 


110 William Street New York 7, N.Y. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 
Specialising in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Ch ical and Biologi ] Lab ies 


113 East 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 


Civil and Sanitary Engineers 
Water Supply and Purification 
Sewerage and Sewage Treatment 


584 East Broad Street 
Columbus 15, Ohio 


Take advantage of the services 


of these outstanding consultants! 
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BURNS & McDONNELL ENGINEERING CO. 


Consulting Engineers 50th year 
Waterworks, Light and Power, 
Sewerage, Reports, Designs 
Appraisals, Rate Investigations. 
Box 7088, Country Club P.O. Station 
Office 95th and Troost 
Kansas City 2, Mo. 


CAMP, DRESSER and McKEE 


Water Works and Water Treatment 
erage and Sewage Treatment 
Municipal and Industrial Wastes 
Investigations and R 
Design 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification, Sewerage 
Systems, Sewage and Industrial Waste 
Treatment, Power Development and Ap- 
plications, Investigations and Reports, 
Valuations and Rates. 


210 E. Park Way at Sandusky, 
Pittsburgh 12, Pa. 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. Chicago 11, Ill. 


OSCAR CORSON 
Consulting Engineer 
Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 
902 Highland Avenue 


Ambler, Pa. 


DE LEUW, CATHER & COMPANY 


Water Supply 
Rallroads Highways 
Grade 

1 Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 
CHABLES M. Sporrorpd W. Hoene 
JOHN AYER L. HYLanp 
Bion A. BoOwMAN Frank L. LINCOLN 
CagROLL A. Howarp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment—Airports 


Investigations and Reports Designs 
150 North Wacker Drive Chicago 6 Supervision of Construction Valuations 
505 Colorado Bldg. Washington 5 Boston New York 


FULTON & PFEILER 


Consulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction— Water Supply. and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Pavin 
and Power Developments; ams an 
Flood Control. 


3209 Brewn Read Saint Lewis 14, Missesri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 

Water Works—Sewage 
Industria! Waste & ‘Disposal 
Roads—Airports—Bridges & 
Flood Control 
Town Planning—Appraisals 
Investigations & Reports 
Harrisburg, Pa. New York, N. Y¥. 
Scranton, Pa. Pittsburgh, Pa. 


GILBERT ASSOCIATES, INC. 
Engineers and Consultants 
Power Plant Engineering 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 


New York Washington 


Houston BEADING, PA.  pnitadelphia 


IVAN M. GLACE 
Consulting Sanitary Engineer 
Sewerage and Sewage Treatment 


Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and Supervision of 
Operation 


N. Front & Boas Sts. Harrisburg, Penna. 


It pays to secure competent and experienced engineering advice! 


: 
Research and Developmeat 
6 Beacon St. Beston 8, Mass. 
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WILLIAM A. GOFF, INC. 


Genera! Engineering and Consulting Services 
Water, Sewerage, Refuse Incineration 
Industrial Buildings, Power Plants 
Airports, Town Planning 
Plans, Supervision, Valuations, Reports 


Broad St. Station Bldg., Philadelphia 3, Pa. 


GREELEY & HANSEN 


Engineers 
Samuel A. Greeley Paul Hansen (1920-1944 
Paul EB. Kenneth V. 
Thomas’ M. Samuel M. Clarke 
Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 
223¢ 8. State Street, Chicage 4 


HAVENS AND EMERSON 
Consulting Engineers 
W. L. Havens C. A. Emerson 
A. A. Burger F.C. Tolles F. W. Jones 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations.—Luaboratories 


Leader Bldg. Woelworth Bldg. 
Cleveland 14 New York 7 


HAYDEN, HARDING & BUCHANAN 
Consulting Engineers 
Joun L. Hayven Joun H. Harpino 
Oscar J. Campia 


Water Works—Sewerage 
Civil—Mechanical 
Electrical—Structural 


826 Park Square Bullding, Boston, Mass. 


HORNER & SHIFRIN 
Consulting Engineers 
W. W. Hosner S. W. June 
H. SHIFBIN E. B. Bross 
Vv. C. 
Airports — Hydraulic Bngineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 


Shell Bullding, St. Louls 8, Missouri 


JONES, HENRY & SCHOONMAKER 


(Formerly Jones & Henry) 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, oouee and 
Sewage Treatment, Garbage and use 
Disposal and Incineration, Industrial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design, 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 


604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES, Inc. 
Engineers 


Water Supply and Purtfication, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1812 Park Bldg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester 4, N. Y. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airfields 


Statler Building 
Boston 16 


Parsons, Brinckerhoff, Hall & Macdonald 
G. Gale Dixon, Associate 
Engineers 
Dams, Water Works, Sewerage 
Airports, Bridges, Tunnels 
Traffic & Transportation Reports, Highways 
Subways, Foundations, Harbor Works, Valuations 
Power Developments Industrial Buildings 
51 BROADWAY, NEW YORK 6, N. Y. 


Take advantage of the services 


of these outstanding consultants! 
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BOYD E. PHELPS, INC. 


Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


232 Franklin Street Michigan City, Indiana 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Matcotm Prants W. Warrtoce 
Ropert W. Sawrer G. G. Jz. 
Haran 


Reports, Plans 


and Operations 
Appraisals and Rates 
25 W. 43rd St. New York 18, N. Y. 


RIPPLE AND HOWE 
Consulting Engineers 
O. J. Rippre B. V. Hows 
Appraisals— Reports 
Design—Su, ision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, —w and 
Storm Sewers, Sewage Treatment Plants. 
Refuse Disposal, Airports. 
426 Cooper Bldg. Denver 2, Colorado 


RUSSELL and AXON 
Consulting Engineers 
Geo. 8. Bussell 
Joe Williamson, Jr. F. E. Wenger 
Sewerage, Sewage Disposal, Water Sup- 
ply, Water Purification, Power Plants, 
Appraisals, Rate Investigations, Reports, 
Plans, Specifications. 
Merchants-Laclede Bldg. 
408 Olive St. St. Louls 2, Mo. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power—Airports 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Mechanical Structural 


Surveys 
209 S. High 8t. 


Reports Appraisals 
Columbus 15, Ohio 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply, Water Purification, 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


CONSULTING ENGINEERS! 


If you specialize in sewage and industrial waste disposal problems, prospective clients 
will expect to find your card in the Directory of Engineers contained in the... 


Official Professional Journal of the Sewage Works Field! 


Listings in this Directory have more than doubled 
in the past five years! 


Place your reservation NOW! 
SEWAGE WORKS JOURNAL 
325 Illinois Building, Champaign, Illinois 
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SEWER MAINTENANCE ENGINEERS 
AND PLANT OPERATORS 


Stop Odor Complaints 
Prevent H:S Corrosion 
Cut Maintenance Costs 
Control Sewer Insects 
Reduce E. Coli Counts 


and receive a Non-Septic Sewage, 


easy to handle, at their plants 


ate with 
UP-SEWER 


TREATMENT 


THE CLOROBER CORPORATION 
SEXCUANGE PLACE >. CITY 2..6.. 1. 
The Pioneers of Upe- Sewer “Jreatment 


30,000,000 GALLON 
DETROIT RESERVOIR 


USES 
PIPE 


FOR UNDERDRAINAGE SYSTEM 


Built without piling, the underdrainage system for Detroit’s new 
Northeast Station Reservoir is designed to prevent floating of the 
reservoir, which measures 451 ft. by 551 ft. with an average d 

of 20 ft. Bryant & Detwiler, Detroit, Mich.— general contractors. 
Loselle Construction Co., Wyandotte, Mich.—sub-contractors for 
excavation and for installation of Vitrified Clay Pipe underdrainage. 


non-corrosive, rust-proof, everlast- 
firing methods, am ing Clay Pipe. In no other pipe do 
A time scion you get all the advantages of 
' vitisadla plete fusion by fire. No wonder Vitri- 
fied Clay Pipe is universally preferred 
for sewerage and drainage projects. 


WRITE FOR INFORMATION ON Your CLAY PIPE QUESTION 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 


100 N. LaSalle St., Rm. 2100, Chicago 2, tl. 
522 First National Bank Bidg., Atlanta 3, Ge. 
703 Ninth & Mill Bidg., Los Angeles 15, Calif, 
1105 Huntington Bank Bidg., Columbus 15, O. 
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PROOF **Our 63rd Year’’ 


OF Serving America 
A N ” 
STERELATOR EFFICIENCY Doing The Things We Know Best 


Builders of 
iE 
NO GARBAGI 


DISPOSAL 
JOB SHREDDERS 
; for the 


T00 Merchant 
LARGE SPECIFICATIONS Marine 


and 
Municipal 
Sewage 


Plants 
Actual Users—THE BEST PROOF OF aul 


Prove our claim 1s that Everson 8 


Sterk are 
DEPEN DABLE— SAFE—EFFIC r 
Easy to operste at LOW MAINTENANCE. COST SANITARY ENGINEERS 
Everson SterElators METER-MIX-FEED Why 
Chlorine gas accurately for all Wate Net Investigate the Proven Gruendier Principle? 
or Sewage Sterilizing demands Send for Catalog and Facts om Latest 
7 urnished for Manual or Automatic operation GRUENDLER SEWAGE SHREDDERS 
everson SterElators utilize a high Vacuum for Municipal Sewage Plants 


rhe if dicating “FLOW METERS have a 10 to I ratio For disintegration of Rag Stock, Garbage, 


Floatables, and with out 

Choke Down as Screen Bar— 

lene Select « GRUENDLER SHREDDER. 
GRUENDLER 


207 West Huron Street, Chicago 10, Illinois St Louie 6 ‘Mo. 


THE Ane You Interesied 
MAGNETITE FILTER im 


with successful operating Sewage and Industrial 
records, extending back Waste Treatment? 


as much as 16 years, is 
again available for im- If so, affiliate with 


THE FEDERATION OF 
SEWAGE WORKS ASSOCIATIONS 


proving the effluent or 
increasing the capacity of 
treatment plants for sew- 


age and trade wastes. e 


For Particulars, Write 


MAGNETITE FEDERATION OF 


FILTER CORPORATION SEWAGE WORKS ASSOCIATIONS 
10 EAST 40TH STREET 
325 ILLINOIS BUILDING 


NEW YORK 16, N. Y. 


10 


SEWAGE WORKS JOURNAL 


This Bailey Open Chan- 
nel Meter re- 
cords and integrates 
sewage flow at a mid- 
= west plant. Pedestal or 
panel mounted registers 
are also available. 


BAILEY OPEN CHANNEL METER 


4 Reliable Register for Low Cost, Trouble-Free Service 


Bailey Open Channel Meters indi- 
cate, record and integrate the flow of 


FEATURES OF BAILEY 
OPEN CHANNEL METERS 
1. Low Cost — one 
. Totalize Multiple Flows irrigation water. They may be used 
3. Adjustable Capacities with all types of flumes, weirs and open 
Retain Accuracy 
Easy to Install Electronic or direet mechanical reg- 
Easy to Maintain: isters may be furnished. Electric, elec- 
Simple Chemical Feed Controls 

. Rate of Flow and Ratio Controls 


sewage, sludge, industrial wastes and 
flow nozzles. 


tronic or air control may be provided. 
W rite for Bulletin 62 


BAILEY METER COMPANY 
1066 IVANHOE CLEVELAND 10, OHIO 


METERS and CONTROLS for SEWAGE and WATER 
BAILEY METER COMPANY LIMITED, MONTREAL, CANADA 


MU-24 
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Two new publications 


NOW AVAILABLE... 


%& GLOSSARY—WATER AND SEWAGE 
CONTROL ENGINEERING 


An authoritative volume of extensive value to everyone in the 
engineering profession. The Glossary contains 276 pages, 1,200 
terms and cross references pertaining to nomenclature of hydro- 
logic, hydraulic, and sewage works fields. Endorsed and com- 
piled by ASCE, AWWA, APELA, and FSW AL Price to members 


$1.00 in paper cover, $2.00 in cloth. 


* UNIFORM SYSTEM OF ACCOUNTS 
FOR SEWER UTILITIES 


\ special publication containing information on systematic 
administration of sewage works through accounting. Adapts to 
sewage works the accounting system proved successful in trans- 
portation, water works, power and gas utilities. The Accounting 
Manual was prepared by the FSWA Sewage Works Practice 
Subcommittee on Sewage Works Accounting, contains LIT pages. 
mimeographed, price $5.00. 


MEMBERS... senp IN your ORDER TODAY! 


FEDERATION OF SEWAGE WORKS ASSNS. 
325 ILLINOIS BLDG., CHAMPAIGN, ILL. 


Please forward the following publications as indicated 


Copies GLOSSARY WATER AND SEWAGE CONTROL ENGINEERING 


paper cover (a ern h. 


Copies GLOSSARY — WATER AND SEWAGE CONTROL ENGINEERING, 


cloth cover @ $2.00 each. 
Copies ACCOUNTING MANUAL Gmimeographed) @ $5.00 each. 
NAME 
ADDRESS 
CITY 
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Meet the Most Rigid Service 
Requirements in Sewage 
Disposal Plants 


1 Gates are ruggedly built of cast iron 
... Sturdily reinforced with sectional 
ribs and fully bronze mounted. 


2 Stem and stem nut are of heavy 
bronze construction. 


3 Non-rising stem self-contained or 
rising stem types, with solid bronze 
adjustable wedges, suitable for seating 
or unseating pressures. 


4 Furnished with flanged or flanged 
and spigot ends, or with flat frame for 
bolting directly to concrete wall. 


5 Can be operated manually or equip- 
ped with cylinder or motor unit for 
hydraulic or electrical operation. 


6 Made in sizes 4” to 24” inclusive 
with either circular or square opening. 


7 Quality built throughout for hard 
usage and long life. 


IOWA VALVE 


201-299 N. TALMAN AVE., CHICAGO 80, ILLINOIS ¢ A subsidiary of James B. Clow & Sons 
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Mixed tlow F 
volute. Capaci- Non-clog sing 
ties from 2,000 verticabor hori- 
to 50,000 G.P zontal. Capaci- 
M. Heads trom tres fronr 50 
10 to 60 {t. 20,0060G.P.M. 
Heads ftom 10 
to 100 ft. 
In sewage pumping, the Economy line has reached its present 
excellence through 34 years of development. Case histories of : 
municipal and industrial installations throughout the world prove 
it. Whatever your pumping requirement, you'll find there’s an ties from 50 to 
‘Economy Pump to do the job better... longer . . . at lower cost. 10,000 G. P.M. 


complete details write Dept.AC-S. 100 


+ Centrifugal, axial, and mixed flow pumps for oll applications 
| Economy Pumps Inc, 


Division of Hamilton-Thomas Corp 


= .. Hamilton, Ohio 


If you want... TO two corrosion problems are exactly 
Cathodic PROTECTION alike —that’s one reason stereotyped 
not just... solutions won't work. Cathodic protection, 
Cathodic Protection Equipment properly engineered and applied,is eco- 
~_ ECTRO RUST-PROOFING nomical, effective and practical. E.R.P. 
offers preliminary engineering, design, 
equipment and installation services for an individual solution to each particular 
problem. For data on cathodic protection of structures from pipe lines to ele- 
vated tanks, call on E.R.P. without obligation. 


ELECTRO RUST-PROOFING CORP.,(N. J.) 
BELLEVILLE 9, NEW JERSEY 
REPRESENTED IN PRINCIPAL CITIES 


$$ 
Steel. & 


| ‘ 
es 3 

4 
4 
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Protection COMPANY. INC 
deans Lowest Cos 470 FRELINGHUYSEN AVE. 

C4 SOUTH PARK 
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HARDINGE 
Digesters 


The Hardinge Digester, used in 
sewage sludge digestion tanks, 
prevents scum accumulation and 
insures uniform gas production. 
It includes sludge scrapers oper- 
ating at the tank bottom, rotat- 
ing scum breaker arms, and a gas 
dome in the tank top to collect 
and remove liberated gases. This 
mechanism permits the use of a 
flat bottom tank and emits a 
dense digested sludge. Write for 
Bulletin 35-C- 16. 


YORK, PENNSYLVANIA — 240 Arch St. . Main Office and Works 
NEW YORK 17—122 E. 42nd St. - 205 W. Wacker Drive—CHICAGO 6 
SAN FRANCISCO 11—24 Colifornic St. - 200 Bay S*t.—TORONTO 1 


Manual of Practice No. 1 
“Occupational Hazards in the Operation of Sewage Works” 


$.25 each to Federation Members—$.50 each to Non-Members 


Manual of Practice No. 2 
“Utilization of Sewage Sludge as Fertilizer” 


$.75 each to Federation Members—$1.25 each to Non-Members 


Manual of Practice Binders 
Attractive and practical 3-ring binders, equipped with 
end-openers, lettered on front cover and back edge and 
large enough to file several manuals of practice as they will 
be issued, are ready for delivery now. Price $2.00. 


Place your orders immediately! 


FEDERATION OF SEWAGE WORKS ASSOCIATIONS 
325 Illinois Building, Champaign, III. 
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““FLEXIBLE'’ experience again provides new 
methods of simplifying tough jobs. These two 
new Lower Manhole Jacks brings sewer and 
line cleaning operations another step further 
into the open. They also speed tool chang- 
ing. Note how the coupled rod guide is quick- 
ly, firmly, simply anchored at the bottom of 
the manhole. Also note that the face of the 
bell is held away from the lip of the sewer 


line itself. This enables operators to see roots 
before they jam tight in the rod guide. 


Ad ustable Back Jack (Op- 
tional use). Perfect for getting 
additional anchorage of rod 
guide. Sold separately 


Adjustable Foot Jack. Ideal for 
use with proven ‘‘Flexible’’ Steel 
Rod system of cleaning sewer 
lines. Sold separately 


Lower Manhole Jacks in po- 

sition. Clear working face af 

sewer is provided as wellas 

comfortably small amount of 

ved bend into sewer line. ; 


ASK YOUR NEAREST “FLEXIBLE" OFFICE TODAY FOR FULL INFORMATION 


FLEXIBLE SEWER-ROD EQUIPMENT CO.. 


9059 Venice Blvd., Los Angeles 34, California 


141 W Jackson Blvd 401 Broadway 147 Hillside Ter P.O Box 165 2011 Central Ave. | 
Chicago, Ill New York 13 Irvington, N. J Atlanta Memphis, Tenn. 


801 E. Excelsoir Blvd 29 Cerdan Ave P.O. Box 447 41 Greenway St. 
Hopkins. Minn Roslindale 31, Mass. Lancaster, Texas Hamden, Conn. 


3786 Durango Ave 909 N. Homewood Ave 4455S E. 24th Ave. 
———"=" Los Angeles 34, Calif Pittsburgh 8, Pa Portland 2, Ore 
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STREAMLINED 
Siva 


1949 MODEL 


A modern W&T Chliorinator—like the Hindu God Siva 
-~-is truly a multi-armed instrument, economically perfor it 
ing sewage plant duties that make operation easier, give extra 
pliant capacity and result in better over-all treatment to help 
meet more stringent stream pollution 

For example, W&T Chicrinators gueh as the Program 
Controlled Chiorinator are being gaad4u sewage plants far: 
(1) Disinfection 


(2) Odor Control 
(8) Reduction of corrosion and disintegration 
(4) B.O.D. reduction 
(5) Improvement of 
(6) Conditioning of gatern supernatant liquid 
(7) Prevention bulking 
(8) Sludge gamditioning 
(9) Adjmlet in chemical precipitation 
(10) 4Bpede waste contro! 
(11), sterilisation 


wages that everyone can afford. The average 
represents less than 1% of total plant cost. 


To get the complete story on the multiple advantages of 
sewage chlorination and on W&T Equipment backed by over 
85 years’ experience, call in your W&T Representative. He'll 
be glad to help you. 


Best of all, this “Siva” is available to work for Fi 
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